REMARKS 

By the present amendments, claims 12, 21, and 22 have been amended. Claims 1- 
1 1 were previously cancelled without prejudice and, thus, claims 12-22 are currently 
under examination in the present application. For the reasons set forth below, Applicants 
submit that the present amendments and arguments place this application in condition for 
immediate allowance. 

As an initial matter, in the Office Action dated November 3, 2009, claims 12-22 
were provisionally rejected under the judicially-created doctrine of obviousness-type 
double patenting as being unpatentable over claims 12-20 of co-pending U.S. Application 
No. 11/406,296. Although Applicants acknowledge this rejection, Applicants 
respectfully request that the rejection be held in abeyance until the claims of the pending 
application or the conflicting claims of U.S. Application No. 1 1/406,296 are indicated as 
being allowable. At such a time, Applicants will then address the Examiner's double 
patenting rejection. 

In the Office Action, the Examiner then rejected claims 12-22 under 35 U.S.C. 
§ 103(a) as being unpatentable over U.S. Patent No. 5,488,041 ("Barbier") in view of U.S. 
Patent No. 3,637,641 ("Huber"). In particular, the Examiner took the position that a 
person of ordinary skill in the art would have found it obvious to administer a 
bisphosphonic acid derivative to treat lameness caused by osteoarthritis in a horse 
because Barbier teaches that bisphosphonic acid derivatives are useful for treating bone 
disorders and Huber teaches that bony exostosis is a common bone disorder characterized 
by lameness and difficulty in locomotion or limping. However, both Barbier and Huber 
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teach away from the present invention because they are directed to treatments targeting 
bone and not osteoarthritis-induced lameness wherein the target is cartilage, and thus the 
combination of Barbier and Huber do not make the claimed invention obvious. 
Accordingly, for the reasons set forth in more detail below, Applicants submit that this 
rejection is respectfully traversed and should be withdrawn. 

Contrary to the Examiner's assertions, one of ordinary skill in the art would not 
have found it obvious, in light of the teachings of Barbier and Huber, to utilize 
bisphosphonic acid derivatives for treating lameness caused by osteoarthritis as this 
specific aspect of the claimed treatment is not taught or suggested in either Barbier or 
Huber. Instead, these references relate directly to treatments involving bone and not to 
osteoarthritis-induced lameness which directs the treatment to cartilage tissue and not 
bone, which, again, is the target of the treatment in both Barbier and Huber. As such, 
Barbier actually teaches away from the present claims, and there is no reason for a 
person of ordinary skill in the art to utilize the bisphosphonic acid derivatives described 
in Barbier as being useful for the bone fracture treatment, in the treatment of lameness 
caused by osteoarthritis which is focused on cartilage tissue. 

Moreover, in the Office Action, the Examiner stated that Barbier broadly teaches 
that bisphosphonic acid derivatives are useful in treating bone disorders when this is not 
the case. In fact, Barbier does not teach or suggest that bisphosphonic acid derivatives 
are useful for "any bone disorder", but instead is specifically directed to a method of 
promoting bone repair and specifically indicates that its methods are to be used following 
a bone fracture or bone surgery to promote bone repair. See, e.g., col. 3 lines 13-14; see 
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also col. 2, lines 59-63. As such, and once again, the treatment of an osteoarthritis- 
related condition would not be suggested by treatments to bone injury of the type 
described by Barbier. 

In addition, there is nothing in the Huber reference which when added to Barbier 
would direct one skilled in the art towards the present claims. Huber is directed toward 
the use of the protein orgotein to treat bony exostosis and, more specifically, the use of 
orgotein to lessen the bone formation that occurs with bony exostosis (see, e.g., col. 8, 
lines 17-27, which discusses the arresting of osteophyte development subsequent to 
orgotein administration). As such, one of ordinary skill in the art would not have even 
been led in the first place to combine the bisphosphonic acid derivatives of Barbier, 
which are described as promoting bone growth, with the teachings of Huber as doing so 
would effectively destroy the lessening of bone formation that is indicated as desirable in 
Huber. Additionally, one of ordinary skill in the art would certainly not have combined 
Barbier with Huber for the treatment of lameness cause by osteoarthritis, as both of those 
references are directed to treating conditions where the primary therapeutic target is bone, 
instead of the cartilage that is the primary therapeutic in lameness caused by 
osteoarthritis, as described in further detail below. 

In the Office Action, however, the Examiner asserted that the recitation of 
"lameness caused by osteoarthritis" in the claims of the present application carried little 
patentable weight because lameness would still be clinically the same regardless of the 
etiology or origin of the disorder causing the lameness. In the first place, to the extent 
that the Examiner took the position that such language was not positively stated in the 
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previous claims, the present amendments now make it clear that this element is a positive 
aspect of the claims. Even further, Applicants submit that lameness caused by 
osteoarthritis differs significantly from other lameness disorders and is a distinct 
condition with a distinct origin. 

Indeed, lameness can arise from many varying disorders including osteoarthritis, 
rheumatoid arthritis, and various injuries, including penetrating wounds of the foot, 
gravel, bruising, and corns (see the attached reference by DeBouces, et al., Veterinary 
Clinics of North America: Equine Practice, 5(1): 179-194, 1969). For example, lameness 
caused by rheumatoid arthritis arises as a result of an inflammatory disease, with 
inflammation of the synovium being the primary consequence of the disorder (see, e.g., 
the attached reference by Bonney, et al., Script Report: Innovation in arthritis treatment: 
A market revolution at pages 31-32). Lameness may also be caused by bone injuries 
such as fractures. 

However, lameness caused by osteoarthritis, on the other hand, is a distinct 
condition that develops from a non-inflammatory degenerative joint disease that is 
characterized by a splitting and fragmentation of the articular cartilage and further differs 
from lameness caused by rheumatoid arthritis in that it primarily results from a 
degeneration of the joint tissue, as also described on pages 31-32 of the attached Bonney, 
et al. reference. As such, it is generally recognized in the field that lameness caused by 
osteoarthritis is a distinct condition from lameness caused by other reasons, such as 
rheumatoid arthritis or bone fractures, and, indeed, one of ordinary skill in the art would 
recognize that treatments for a distinct type of lameness, e.g., those associated with bone 
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injuries wherein the target is bone, or rheumatoid arthritis where the target is the synovial 
membrane (as described further below), may be the opposite of treatments for ailments 
such as osteoarthritis-induced lameness wherein the target is cartilage. 

In this regard, it is also noted that the medical management of osteoarthritis- 
induced lameness is further distinct from both the treatment of lameness caused by 
injuries and the treatment of lameness caused by rheumatoid arthritis. As reflected in the 
attached reference entitled Diagnosis and Management of Lameness in the Horse, 
osteoarthritis-induced lameness requires a specific medical management that is focused 
on the symptomatic Telief of the disorder and on arresting the progression of joint 
degeneration (page 746). Indeed, as cartilage loss is commonly regarded as the hallmark 
of osteoarthritis-induced lameness, the medical treatments typically include non-steroidal 
anti-inflammatory drugs, corticosteroids, hyaluronan, polysulfated glycosaminoglycan, 
pentosan polysulfate, glucosamine, and chondroitin sulphate (see pages 746-751). 

It is thus again the case that one of ordinary skill in the art would not have any 
reason to select a bisphosphonic acid derivative from Barbier and make use of it in a 
method of treating osteoarthritis-induced lameness, as described and claimed in the 
present application. Rather, one of ordinary skill in the art would have necessarily been 
led away from the use of a bisphosphonic acid derivative and would have been led to 
select a drug such as glucosamine or chondroitin sulphate as these drugs were already 
known to those of ordinary skill in the art as being particularly useful for treating 
osteoarthritis-induced lameness and its underlying conditions. 
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Accordingly, the Barbier reference which is directed to treatment targeted to bone 
teaches away from the present claims, and one skilled in the art would not have expected 
that the methods described in Barbier, which are directed to the use of bisphosphonic acid 
derivatives following bone fractures or bone surgeries, would be used to treat any form of 
lameness, much less one that targets a completely different tissue, namely cartilage tissue 
such as in the present invention. 

As indicated in the Annex attached hereto, the methods of the present application, 
which make use of bisphosphonic acid derivatives for the treatment of osteoarthritis- 
induced lameness, are designed to be practiced on horses whose lameness is marked by 
osteoarthritis and cartilage loss and thus, unlike the methods in Barbier, is specifically 
targeted to cartilage tissue. The attached Annex provides data from a recent in vivo study 
by the Applicants of the present application, wherein it has been found that tiludronic 
acid (i.e., 4-chlorophenylthiomethylenebisphosphonic acid, is capable of reducing the 
progression of osteoarthritic cartilage lesions and promoting proper cartilage healing. 
Such results are neither taught nor suggested in Barbier or Huber as, again, these two 
references are directed to bone disorders and thus teach away from treatment targeting 
cartilage. Neither the Barbier or Huber reference provide any teaching or suggestion that 
bisphosphonic acid derivatives should be used for the treatment of osteoarthritis-induced 
lameness, and indeed because these references relate to treatments to bone injuries, these 
references teach away from the present claims. 

In short, there is simply no teaching or suggestion in either Barbier or Huber, 
alone or in combination, that would have led one of ordinary skill in the art to utilize a 
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bisphosphonic acid derivative for the treatment of osteoarthritis-induced lameness, and 
instead these references teach away from the present claims because they are directed at 
most to treatment of bone fractures or other bone injuries and do not target cartilage 
tissue as in the present case wherein the treatment of osteoarthritis-induced lameness is 
involved. As described above, osteoarthritis-induced lameness is a distinct condition that 
has a distinct origin and is thus commonly treated in a manner that is distinct from other 
lameness disorders, particularly those arising from bone-related injuries. 

Accordingly, Applicants submit that neither the Barbier and Huber references, 
either alone or in combination, anticipate or make obvious Applicants' claimed invention, 
and the Examiner's rejections on the basis of those references is respectfully traversed and 
should be withdrawn. 

In light of the amendments and arguments provided herewith, Applicant submits 
that the present application overcomes all prior rejections and objections and has been 
placed in condition for allowance. Such action is respectfully requested. 
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ANNEX 1 

Investigation over a one-year period of the effect of treatment with a bisphosphonate, tiludronic 
acid (TA), on the development of osteoarthritic (OA) cartilage lesions in dogs, which after anterior 
cruciate ligament (ACL) transection were subjected to reconstructive surgery. 

Methods: ACL transection was performed on dogs on DO and extracapsular stabilization (ECS) 
on D28. Dogs were randomly divided into two groups: 15 received placebo and 16 were treated 
with TA (2 mg/kg) via subcutaneous injection on D14, D28, D56 and D84. Magnetic resonance 
images were acquired on D-10, D26, D91, D210 and D357, and cartilage volume quantified. At 
sacrifice (D364), cartilage from femoral condyles and tibial plateaus was macroscopically and 
histologically evaluated. Expression levels of MMP-1, -3, -13, ADAMTS-4, -5, BMP-2, FGF-2, IGF- 
1 , TGF-p-l, collagen type II and aggrecan were determined using real-time RT-PCR. 

Results: The loss of cartilage volume observed after ACL transection was stabilized following 
ECS. Thereafter there was a gradual gain in cartilage volume with a significant reduction in 
cartilage loss on the tibial plateaus at D91 (p<0.02) and D210 (p<0.001) in the TA-treated dogs. At 
sacrifice (D364), TA-treated dogs presented significant reduction compared to placebo in the 
severity of macroscopic (p=0.03 for plateaus) and histological (p=0.07 for plateaus) cartilage 
lesions, had a better preserved collagen network as well as decrease in MMP-1 3 (p=0.04), MMP1 
and MMP-3 expression levels. 

Conclusion: Treatment with TA reduces progression of OA cartilage lesions in dogs that suffer an 
acute ACL injury followed by ECS surgery. TA efficacy is mediated by a reduction in the synthesis 
of the catabolic factor MMP-1 3, which exerts a protective effect on the collagen network. 
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Principles and Practices of Joint Disease Treatment 



John P. Caron and Ronald L. Genovese 



Recent advances reveal that osteoarthritis is a dynamic 
process, unlike previous concepts of a passive wear-and- 
tear phenomenon. Although many questions remain 
unanswered, our understanding of the pathophysiology of 
osteoarthritis and biological effects of therapeutic agents has 
expanded. Technical improvements in imaging modalities and 
arthroscopic surgical techniques allow early diagnosis and 
have broadened our perspective, paving the way for future 
progress in managing equine osteoarthritis. 



MEDICAL TREATMENT 



Pain (lameness) is the main reason most horses are examined, 
and rapid resolution of signs is the principal concern of most 
owners and trainers. Ideally, medical management of osteo- 
arthritis would serve to arrest or at least slow the progression 
of lesions, a treatment objective termed chondroprotection 
or disease modification. Several factors influence therapeutic 
decisions in the medical management of osteoarthritis in 
horses, including the following: 

1. The specific joint involved 

2. The stage of osteoarthritis 

3. The current and intended use of the horse 

4. The age of the horse 

5. Regulations governing anti-inflammatory medication 
use in competition 

6. Treatment cost 

7. Response to therapy 

Therapeutic decision making also is complicated by the 
inherent nature of osteoarthritis, a condition that progresses 
at a variable rate and with signs difficult to quantify. Also, 
important degenerative changes and structural damage of 
cartilage matrix may precede the development of clinical 
signs, and late diagnosis precludes the possibility for com- 
plete resolution. Variability in response of horses with similar 
lesions supports the contention that osteoarthritis is a spec- 
trum of disease. Despite recent progress, established osteo- 
arthritis is incurable and frequently limits the serviceability 
of affected horses. 

Non-Steroidal Anti-Inflammatory Drugs 

Non-steroidal anti-inflammatory drugs (NSAIDs) are agents 
that inhibit one or more reactions involved in the production 
of prostaglandins and thromboxanes. Prostaglandins, particu- 
larly those of the E series, are associated with synovial inflam- 
mation and cartilage matrix depletion, 1 ' 2 and although the 
specific effects of prostaglandins on joint metabolism are 
unclear, it is widely believed that prostaglandin E, plays a role 
in processes leading to joint degeneration. Prostaglandin E 2 
has been demonstrated in the synovial fluid of horses with 
osteoarthritis, 3 and in vitro studies indicate that synoviocytes 



and chondrocytes synthesize prostaglandin E, after exposure 
to other inflammatory mediators. 4 ' 6 Prostaglandin E, was 
implicated in the erosion of cartilage and adjacent bone/ and 
other studies suggest that prostaglandins may modulate latent 
metalloproteinase release and subsequent cartilage matrix 
degradation. 8 ' 9 Paradoxically, reports suggest that matrix met- 
alloproteinase expression in human synovial fibroblasts is 
inhibited by E-series prostaglandins. 10 These and other data 
suggest that prostaglandin E 2 may serve a regulatory function 
in inflamed joints and inhibition may not produce uniformly 
favorable results." Thus recent evidence suggests that 
prostaglandin inhibition, although effective in providing 
symptomatic relief, may have deleterious effects on cartilage 
metabolism in the long term. 12 Establishing the specific bio- 
logical effects of prostaglandin E 2 and the consequences of its 
inhibition in the equine joint is important, given the wide- 
spread use of NSAIDs in osteoarthritis treatment and the rec- 
ognized toxic side effects that can result. 

The principal action of most NSAIDs is the inhibition 
of cyclooxygenase (COX), the first in a series of enzymes 
responsible for converting arachidonic acid to prostaglandins 
(Fig. 85-1). Importantly, two forms of COX exist: the first 
produces physiological levels of prostaglandins in a constitu- 
tive manner (COX 1) and the second, an inducible form of 
the enzyme (COX 2), is responsible for the elevated levels of 



Arachidonic Acid Cascade 



Cell membrane phospholipids 

1 ^ Phospholipase A 2 
Arachidonic acid 




Prostaglandins thromboxanes leukotrienes 



Fig. 85-1 Arachidonic acid cascade. Common therapeutic 
targets include phospholipase A 2 (corticosteroids) and cyclooxy- 
genase (corticosteroids and non-steroidal anti-inflammatory 
drugs). Prostaglandins, particularly those of the E series, are asso- 
ciated with synovial inflammation and cartilage matrix depletion; 
however, accumulating evidence indicates that prostaglandin E, 
plays a role in regulating over-production of proteolytic enzymes 
by articular chondrocytes. 
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prostaglandins observed during inflammatory events. 13 - 14 The 
constitutive activity of COX 1 is responsible for many of the 
homeostatic properties ascribed to prostaglandins and toxicity 
is related to sustained COX 1 inhibition. ,s ' 16 Most currently 
available NSAIDs inhibit the activities of both COX isoforms. 
However, the proportionate inhibition of COX 1 to COX 2 
varies among compounds, and many aspects of the specific 
anti-inflammatory profiles of most NSAIDs used in horses 
remain to be explored in detail. A number of selective COX 
2 inhibitors have been approved recently for use in people 
and to date have similar clinical efficacy to that of non-specific 
COX inhibitors, largely unaccompanied by typical NSAID 
side effects. 17 " 19 COX 2 inhibitors have been introduced to 
companion animal practice and likely will soon find use in 
horses, particularly when more affordable generic forms 
become available. This development may address existing 
problems with toxicity and potential unfavorable effects on 
cartilage metabolism of currently used NSAIDs. 20-22 

In addition to COX inhibition, NSAIDs have other anti- 
inflammatory effects. For example, carprofen reduces edema 
and effusion in experimental osteoarthritis in horses by a 
non-COX-mediated pathway. 23 Ketoprofen inhibits lipoxyge- 
nase and COX. 24 Moreover, at least some NSAIDs are capable 
of inhibiting elements of cellular inflammation. 2S < 26 Thus it is 
clear that at least some NSAIDs possess anti-inflammatory 
actions other than COX inhibition, although the biological 
significance of these effects is uncertain and may occur only at 
tissue concentrations achieved by exceeding normal dosages. 
These side actions may complicate the premise that selective 
COX 2 inhibitors are devoid of side effects, particularly when 
used at higher dosages where effects unrelated to COX inhi- 
bition are evident. 



Pain relief from NSAIDs is mainly, but not exclusively, 
related to COX inhibition. Prostaglandins do not produce 
pain, except when present in large quantity. 27 Prostaglandin 
E 2 sensitizes peripheral nerve endings to mechanical stimuli 
and amplifies the chemical activation of pain receptors by 
other inflammatory mediators such as bradykinin and hista- 
mine, both of which act to lower the pain threshold. 28 - 29 
Reducing prostaglandin levels also appears to modulate pain 
perception centrally, at the level of spinal receptors distant 
from sites of inflammation. 30 In addition to COX inhibition, 
certain NSAIDs possess other mechanisms of analgesia' 
because COX inhibitory activity of some compounds is not 
correlated closely with analgesic potency. 31 For example, the 
R-enantiomer of flurbiprofen is a weak COX inhibitor com- 
pared with its D-enantiomer, but it has comparable analgesic 
potency. 32 Among other ancillary mechanisms, NSAIDs may 
contribute to analgesia by inhibiting sensory neurotransmitter 
synthesis at a spinal level. 33 

At present, phenylbutazone is the least expensive and most 
popular agent used in horses, and its clinical efficacy appears 
to compare favorably with other NSAIDs. 34 (Table 85-1). 
Other choices include flunixin meglumine, meclofenamic 
acid, naproxen, ketoprofen, and carprofen, for which the basic 
pharmacology in horses was recently reviewed. 35 ' 36 It should 
be noted that considerable variation exists in the pharmacoki- 
netic profiles of NSAIDs among horses, and clearance is 
influenced by a variety of factors such as dose, the presence or 
absence local inflammatory conditions, and feeding schedule 
(for orally administered drugs). 37 " 40 The latter effect can be a 
consideration in estimating withdrawal times, given that the 
peak plasma concentration and apparent half-life can be sub- 
stantially delayed when NSAIDs are given to horses with 



Non-Steroidal Anti-Inflammatory Drugs Used to Treat Musculoskeletal Pain 



GENERIC NAME 



RECOMMENDED 
FORMULATION(S) DOSE (mg/lcg) 



Phenylbutazone injection Tablets 
Bizolin 200 Paste 



Equipalazone 
Equiphen paste 
etc. 

Flunixin meglumine^ Banamine Granules 
Citation Paste 
Meflosyl, etc. 

Meclofenamic acidt Arquel Granules 

Naproxent NM Tablets 

Ketoprofent Ketofen Injectable 

Carprofen^ Rimadyl* Injectable 



4.4 bid 

Paste 1, 2.2 bid (4 days), 

Granules/powder then 2.2 sid 
injectable (IV only) (IV, PO) 



1.1 daily for 5 days 
(IV, IM, PO) 



2.2 sid (5-7 days), 
then 2.2 sid or less 
(PO) 

10 sid for up to 
14 days (PO) 
2.2 sid (IV) 

0.7 sid (IV) 



(Dose is 2.2. mg/kg bid) 
Tablets (1 g) = 1.0 
Paste (12g) = 2.8 
Injectable = 6.9 

(Dose is 1.1 mg/kg sid) 
Granules (500 mg envelope) = 5.0 
Paste (1500 mg tube) = 12.4 
Injectable (50 mg/ml) = 6.8 
(Dose is 2.2 mg/kg sid) 
Granules = 1.6 

(Dose is 10 mg/kg sid) 
Tablets (500 mg) = 7.1 
(Dose is 2.2 mg/kg sid) 
Injectable (100 mg/ml) = 27.4 
(Dose is 0.7 mg/kg sid) 
Tablets (100 mg) = 4.2 



NM, Not currently marketed by veterinary distributors in the United States. 
'Enolic acid. 
tCarboxylic acid. 

tOnly available in tablet form in the United States. 
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access to hay. Dose rates and schedules may have to be 
adjusted for individual horses to accommodate these effects. 

The chondroprotective (and potential deleterious) effects of 
NSAIDs have been investigated in vitro, although die clinical 
relevance of the results is not clear. Certain NSAIDs are known 
to inhibit anabolic activities in chondrocytes, whereas others 
stimulate matrix synthesis. 41 " 44 Concern over the potential un- 
favorable side effects of these agents began with the observation 
that aspirin inhibited proteoglycan synthesis and could encour- 
age cartilage destruction 45 ' 46 and that ibuprofen was implicated 
in accelerated joint destruction in people with osteoarthritis. 47 - 48 
Fears of enhanced rates of cartilage degradation with NSAID 
use were not borne out in a number of clinical and experimen- 
tal studies. 49 ' 50 In vitro data may not parallel ex vivo data in the 
same species. For example, indomethacin reduces proteoglycan 
synthesis in canine cartilage explants; however, cartilage 
obtained from indomethacin-treated and control dogs had 
similar synthetic rates. 44 Indeed, certain NSAIDs have shown to 
be chondroprotective in some osteoarthritis models. 51 " 53 

Similar to the effects on cartilage matrix synthesis, 
NSAIDs vary in the ability to inhibit both catabolic events in 
cartilage and the effects of degradative enzyme activity. 54 
Although many studies have focused on direct inhibition of 
degradative enzymes, NSAIDs may be of benefit by suppress- 
ing other mediators. 55 ' 56 For example, in one of the few equine 
studies, phenylbutazone limited proteoglycan depletion that 
accompanies in vitro culture of articular cartilage, 57 but the 
effect was not mediated by stromelysin inhibition. 58 

Corticosteroids 

Corticosteroids are the most potent anti-inflammatory agents 
used to treat osteoarthritis. Normally injected directly into 
affected joints, corticosteroids depress numerous inflamma- 
tory processes, including capillary dilatation; margination, 
migration, and accumulation of inflammatory cells; and liber- 
ation of enzymes, cytokines, and other inflammatory media- 
tors. 59 ' 60 Notably corticosteroids also inhibit prostaglandin 
production by inhibiting phospholipase A, and COX 2 [but 
not COX I}. 61 The consequence of inhibiting arachidonic 
acid metabolism is a rapid and pronounced reduction in pain. 

A long-standing controversy surrounds the use of cortico- 
steroids in treating osteoarthritis because of the concern that 
overuse of a pain-free joint could result in accelerated degen- 
eration. 62 " 64 This impression has been compounded by demon- 
strated negative effects of corticosteroids on chondrocyte 
metabolism. Particularly at high concentrations, corticosteroids 
inhibit proteoglycan synthesis and unfavorably influence the 
structural organization of cartilage collagens, even in normal 
cartilage. 65 " 70 Conversely, other studies have demonstrated that 
corticosteroids have certain chondroprotective properties. At 



low doses, they are capable of inhibiting the process of carti- 
lage degradation by inhibitory effects on the synthesis of 
matrix metalloproteinases (MMPs) and cytokines 71 " 73 These in 
vitro data are supported by results in animal models demon- 
strating cartilage-sparing effects of low-dose corticosteroids, 
without significant effects on chondrocyte health. 74 " 76 It is well 
established that corticosteroids inhibit the gene expression of 
MMPs; however, this effect must be weighed against a similar 
effect on the expression of the natural inhibitory protein of 
these enzymes (tissue inhibitor of matrix metalloproteinase, or 
TIMP) and matrix collagen and proteoglycan synthesis. 77 ' 78 
The magnitude and relative contributions of these inhibitory 
effects need to be defined more fully, although it may be pos- 
sible to determine a concentration of drug that produces chon- 
droprotective effects while minimizing negative consequences 
on chondrocyte anabolic activity. 

Although proteoglycan depletion with high doses of corti- 
costeroids is an incontestable phenomenon, its importance as 
a clinical entity is contentious. 79 " 81 Noteworthy are recent 
studies using horses with iatrogenic osteochondral lesions of 
the carpus treated with betamethasone and triamcinolone 
acetonide. After treatment horses were exercised on a tread- 
mill. Lesions of cartilage and bone in treated horses were com- 
parable to those in controls. 82 ' 83 To investigate the possibility 
that different corticosteroid preparations may exert varied 
effects on joint metabolism, a similar protocol was conducted 
by the same research group, using methylprednisolone 
acetate. In this study, morphological lesions were observed 
that the authors considered related to corticosteroids. 84 It 
should be noted that, as in other studies evincing unfavorable 
effects of methylprednisolone acetate, the dose used (100 mg 
the first and fourteenth days) would be considered generous 
by current standards. Additionally, the effects of methylpred- 
nisolone acetate on chondrocyte metabolism differ between 
normal and inflamed joints. In inflamed joints modest con- 
centrations of methylprednisolone acetate may have less dra- 
matic effects on matrix synthesis than in normal joints. 85 In 
summary, although intra-articular use of corticosteroids may 
potentially aggravate existing cartilaginous lesions, the poten- 
tial deleterious effects are overemphasized. 

The type, dose, and frequency of corticosteroid adminis- 
tration remain subjective. Common choices and dose ranges are 
given in Table 85-2. In general, pharmacokinetic data suggest 
that corticosteroid suspensions have short intra-articular half- 
lives. 86 " 88 Considerable variation in the clearance of cortico- 
steroid suspensions exists. For example, the active moiety 
of methylprednisolone acetate can be liberated for up to 
1 month. 89 The specific reasons for divergent pharmacokinetic 
profiles and the duration of anti-inflammatory effect far 
exceeding intra-articular half-life of corticosteroids are unclear. 



Table i 85-2 



Corticosteroid Suspetu 


ions Used Intra-Articularly 














CONCENTRATION 




POTENCY RELATIVE TO 


CORTICOSTEROID 


TRADE NAME 


MANUFACTURER 


(mg/ml) 


DOSE (mg)* 


HYDROCORTISONE 


Betamethasone sulfate 


Celestone 


Schering-Plough 


6t 


3-18 


30 




Soluspan 










Triamcinolone acetonide 


Vetalog 


Solvay 


6 


6-18 


5 


Flumethasone 


Flucort 


Syntex 


0.5 


1.25-2.5 


120 


Isoflupredone acetate 


Predef2X 


Pharmacia and Upjohn 


2 


5-20 


50 


Methylprednisolone 


Depo Medrol 


Pharmacia and Upjohn 


40 


40-120 


5 



*Dose ranges are somewhat arbitrary. Magnitude and duration of clinical effects vary widely. 

tEach milliliter contains betamethasone acetate (3 mg) and betamethasone sodium phosphate (3 mg). 
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Most clinicians currently use lower doses of corticosteroids 
than their predecessors, because the dose-dependent deleterious 
effects are now recognized and most are now aware that favor- 
able response is achieved using lower doses. For example, intra- 
articular injection of 120 to 200 mg of methylprednisolone 
acetate was commonplace years ago, but now it is performed 
using 10 to 40 mg, depending on the specific joint involved. 
Another popular and potentially beneficial practice is the 
co-administration of a low dose of a depo-corticosteroid and 
hyaluronan. Therapeutic synergy was reported for people with 
osteoarthritis, and a similar effect in horses is possible. 90 Many 
veterinarians (and trainers) find the idea of combination therapy 
appealing, because the corticosteroid dose can be reduced and it 
can be combined with the putative cartilage-sparing effect of 
hyaluronan. The minor risk of infectious arthritis exists with any 
intra-articular injection, and after intra-articular corticosteroids, 
signs of infection may be delayed from the potent anti- 
inflammatory effects of these preparations. 91 

Hyaluronan (Sodium Hyaluronate) 

Hyaluronan is a glycosaminoglycan composed of the disaccha- 
rides D-glucuronic acid and N-acetyl-D-glucosamine. This gly- 
cosaminoglycan is an important component of articular 
cartilage, where it plays a major role in forming proteoglycan 
aggregates. The viscoelasticity of synovial fluid is due to its rich 
hyaluronan content and this molecule serves as the principal 
lubricant of synovial soft tissues. These physical properties, 
along with other incompletely characterized pharmacological 
effects, help maintain synovial homeostasis. The biological char- 
acteristics and therapeutic use of hyaluronan in equine 
osteoarthritis have been reviewed. 92 Characteristics of hyaluro- 
nan formulations are summarized in Table 85-3. 

Despite not knowing the specific mode(s) of action, 
hyaluronan frequently is used to treat osteoarthritis in people 
and horses. Documented clinical benefits after intra-articular 
injection in people include reduced pain and improved joint 
mobility, 93 ' 94 and effects compare favorably with NSAIDs and 



corticosteroids. 90 ' 95 Most equine studies report beneficial 
effects, but most lack appropriate controls and outcome crite- 
ria and are subjective. 96 ' 98 

Hyaluronan has modest analgesic effects, 99 but it has 
mostly anti-inflammatory effects that may be physical (steric 
hindrance) or pharmacological (inhibition of inflammatory 
cells and mediators). ™°- m Symptomatic improvement can be 
dramatic. In an ovine osteoarthritis model, cartilage lesions in 
hyaluronan-treated animals were attributed to excessive limb 
use. 105 " 107 Hyaluronan may improve range of motion by 
improving synovial fluid viscosity and soft tissue lubrication. 
In osteoarthritis, reduced joint excursion may be caused in 
part by the dilution and depolymerization of endogenous 
hyaluronan that accompanies synovitis. 108 " 110 

The specific effects of hyaluronan on articular metabolism 
remain unclear. Exogenous hyaluronan may stimulate synthe- 
sis of a highly polymerized endogenous form of hyaluronan 
by synoviocytes, but evidence was lacking in studies using 
cultured synovial fibroblasts derived from normal equine 
joints or those from joints with osteochondral fragments. 111 
Hyaluronan stimulates proteoglycan synthesis by equine 
chondrocytes. 112 In vitro, hyaluronan is protective for cartilage 
matrix loss induced by mterleukin-1. 113 " 115 Recent studies 
have revealed that hyaluronan regulates the production of 
prostaglandins by articular cells and can protect cartilage 
against the effects of oxygen-derived free radicals and 
degradative enzymes. 102 ' 103 ' 116 " 118 However, compelling evi- 
dence for the ability of hyaluronan to inhibit the activity of 
MMPs has not been reported to date. 111 ' 119 Interestingly, a 
number of studies have demonstrated that several inflamma- 
tory mediators, including prostaglandins, interferon, and 
certain protein factors, can augment the production of 
hyaluronan by synovial fibroblasts in vitro. 120 ' 121 Therefore 
elevated synthesis of hyaluronan in early osteoarthritis may 
constitute a protective response by the synovium to joint 
inflammation, providing a rationale for exogenous administra- 
tion. Like corticosteroids, the protracted pharmacodynamic 



Table ' S5-3 



Common Hyaluronan Preparations Used in Horses 

MOLECULAR WEIGHT 









(IN DALTONS, FROM 


HOW 


RECOMMENDED 


TRADE NAME 


MANUFACTURER 


CONCENTRATION 


MANUFACTURER) 


SUPPLIED 


DOSE* 


Hylartin V 


Pharmacia and 


10 mg/ml 


3.5 x 10 s 


2-ml syringe 


20 mg 


(Hylartil Vet) 


Upjohn 










MAP-5 


Vetrepharm 


10.3 mg/ml (2 ml) 


7.5 x 10 s 


2-ml vial 


20 mgt 






5 mg/ml (10 ml) 




10-ml vial 




Hycoat 


Neogen 


5 mg/ml 


>1.0x10 6 


6-ml vial 


30 mg* 


Hyvisc 


Vetmedica 


11 mg/ml 


2.1 x 10 6 


2-ml syringe 


20 mg 


HY-50 


Bexco Pharma 


17 mg/ml 




3-ml syringe 


51 mg 


Equron 


Solvay Animal Health 


5 mg/ml 


1.5-2.0 x 10 s 


2-ml syringe 


10 mg 


Equiflex 


Chesapeake Biological 


5 mg/ml 


1 xlO 5 


5-ml vial 


10 mg 


Synacid 


Schering-Plough 


10 mg/ml 


0.15-0.20 x 10 6 


5-ml vial 


50 mg 


Hyalovet 


Fort Dodge/ 


10 mg/ml 


4-7 x10 5 


2-ml syringe 


20 mg 


(Hyalovet-20) 


Vetrepharm 










Legend (Hyonate) 5 


Bayer Corporation 


10 mg/ml 


3x10 5 


4-ml vial 


40 mg (IV) 



'Intra-articular dosages are those recommended for small- to medium-size joints (e.g., metacarpophalangeal). Some manufacturers recommend 
twice the dose for larger joints (e.g., tibiotarsal). 

tMarketed as an ophthalmic preparation but popular for intra-articular use at this dose. 
^Marketed as a topical preparation for wounds but used intra-articularly. 
§Marketed for both intravenous and intra-articular use. 
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influences of exogenously administered hyaluronan are attrib- 
utable to indirect effects on synovial and cartilage metabolism, 
because intra-articular half-life is only several hours in normal 
joints 122 ' 123 and is further reduced in synovitis. 12 " Favorable in 
vitro effects of hyaluronan are supported by observations of 
cartilage-sparing effects after intra-articular administration of 
hyaluronan in animal models of arthritis. 106,107.12S-128 

Hyaluronan preparations of a molecular weight exceeding 
1 x 10 6 d may provide superior clinical and chondroprotective 
effects, although this claim is controversial. 129 Certainly, many 
potentially beneficial effects observed in vitro depend on ■ 
molecular weight, 99 ' 103 ' 108 ' 118 but whether these effects occur 
in vivo is unclear. Cartilage-sparing properties of a .high 
molecular weight hyaluronan were superior to those of a less 
polymerized preparation in rabbits in a limb immobilization 
model, 128 and better clinical results in horses were reported 
when using hyaluronan exceeding 1 x 10 s d, rather than lower 
molecular weight formulations. 130 ' 131 Conversely, others 
maintain clinical efficacy is related to the purity of the prepa- 
ration, rather than molecular weight. 98 ' 132 

Recently a form of hyaluronan intended for intravenous 
use has become available. The precise mechanisms of action 
are uncertain, but beneficial clinical and biochemical effects 
were observed in an equine lameness model, 133 suggesting 
that the product need not cross the blood-synovial barrier to 
exert its action(s]. When used in horses with synovitis, intra- 
venous hyaluronan appears to decrease lameness and synovial 
effusion. Recent studies have demonstrated that hyaluronan 
receptors exist on numerous extra-articular cell types, and if 
involved with joint inflammation, intravenous hyaluronan 
may exert a positive effect. 134 - 135 

In the horse, hyaluronan appears to be most effective in 
treating acute synovitis, and results when used in more 
advanced disease are frequently disappointing. The frequency 
of hyaluronan administration for the treatment of osteoarthri- 
tis in people (often weekly) is higher than that typically used 
in the horse. Optimal results in horses may require more fre- 
quent injections than routinely recommended, particularly in 
those with established joint lesions. Although often heralded 
as being virtually free from side effects, data from animal 
models suggest that despite its putative chondroprotective 
properties, continued joint deterioration in treated animals 
may occur when the primary cause of osteoarthritis remains 
uncorrected. 105 " 107 

Polysulfated Glycosaminoglycan 

Polysulfated glycosaminoglycan (PSGAG) is a semi-synthetic 
preparation from bovine trachea, comprised principally of 
chondroitin sulfate, a glycosaminoglycan found in the aggre- 
gating proteoglycan of cartilage. The molecular weight of 
PSGAG varies between 2 and 16 kd; the mean molecular 
weight is 6 kd. PSGAG is purported to have chondroprotec- 
tive and anti-inflammatory properties; however, the exact 
nature and mechanism(s) by which it exerts these effects 
are unknown. Thorough reviews of the biological properties 
and clinical use of PSGAG are available in the veterinary 
literature. 136 ' 137 

PSGAG reduces the severity of clinical signs in people and 
horses with arthritis. 138-143 Clinical improvement is likely 
attributable to anti-inflammatory effects, including the inhibi- 
tion of prostaglandin E, synthesis and inhibition of cytokine 

PSGAG is reported to have numerous favorable effects on 
joint metabolism, including stimulation of hyaluronan pro- 
duction by synoviocytes and synthesis of proteoglycans and 
collagen by chondrocytes.' 46 - 149 The latter effects are thought 
to be more pronounced in arthritic cartilage. 149 Despite the 
existence of in vitro studies supporting anabolic properties of 
PSGAG, subsequent research has questioned modes of action, 



particularly PSGAG putative stimulation of cartilage proteo- 
glycan synthesis. Dramatic stimulatory effects on chondrocyte 
biosynthesis were not clearly demonstrable in studies using 
equine cartilage explants, particularly those in which normal 
or mildly osteoarthritic cartilage was used. 150 - 151 An anabolic 
response may be more evident in chondrocytes from joints 
with significantly deranged cartilage metabolism, 149 but clini- 
cal benefit of such response is questionable. Moreover, 
PSGAG has limited effects on the early healing of cartilage 
lesions, and repair tissue formed in healing cartilage wounds 
under the influence of PSGAG may be inferior to that in 
untreated animals. 152 ' 153 

Although the nature and magnitude of its anabolic effects 
are unclear, PSGAG is widely held to have anti-catabolic 
effects. PSGAG is capable of inhibiting the activity of a 
number of degradative enzymes known to be present in artic- 
ular tissues, including elastase, some cathepsins, serine pro- 
teases, and neutral MMPs. 58 ' 136 ' 137 ' 154 " 156 Mechanisms of 
enzymatic suppression are characterized incompletely, but 
they may include direct inhibition or abrogation of the syn- 
thesis or activity of other mediators that stimulate degradative 
enzyme release. For example, our recent data (J.P.C.) indicate 
that PSGAG inhibits inducible nitric oxide synthase expres- 
sion and synthesis in cytoldne-stimulated equine chondro- 
cytes in culture. A variety of animal models of arthritis have 
provided support for a cartilage-sparing effect of PSGAG in 
vivo, 153 ' 157 ' 160 and in most cases beneficial effects were attrib- 
uted mainly to the inhibition of degradative enzymes. 155 ' 160 

PS G AGs can be administered intra-articularly or intramus- 
cularly, but slight risk of infection (quantitatively exceeding 
that of corticosteroids) with intra-articular administration 
of PSGAGs has reduced enthusiasm for this route. 161 Most 
clinicians now combine an aminoglycoside (e.g., amikacin, 
125 mg) with PSGAG as a preventative measure. Articular 
cartilage concentrations of PSGAG after intramuscular 
administration are capable of inhibiting some cartilage- 
degrading enzymes, 162 yet the duration of a persistent effec- 
tive concentration is unclear. As for other anti-arthritis 
preparations, the frequency of administration of PSGAG 
usually is based on the therapeutic response and its duration. 
Typically, when a favorable therapeutic response occurs, it is 
rapid. For intramuscular use the manufacturer recommends 
that PSGAG be given at a dose of 500 mg every 4 days for 
28 days. Clinical experience suggests that if improvement is 
not evident within 7 to 10 days using this schedule, a dramatic 
response from subsequent injections is unlikely. 

Pentosan Polysulfate 

Pentosan polysulfate is a compound prepared by sulfation of 
beechwood hemicellulose, consisting of xylopyranose chains, 
to which are attached methylated glucuronyl rings at regular 
intervals. Like PSGAG, pentosan polysulfate is a highly sul- 
fated molecule, a property that likely contributes to its bio- 
logical activity. 

Pentosan polysulfate appears to have chondroprotective 
effects similar to PSGAG, including promotion of anabolic 
activity of chondrocytes and synoviocytes and inhibition of 
degradative enzymes. 163 ' 164 Studies using animal models 
support these chondroprotective effects. 161 ' 163 ' 165 ' 166 Pentosan 
polysulfate is not presently available in North America but is 
approved for use in Australia, and anecdotally, pentosan poly- 
sulfate is effective in reducing lameness in racehorses with 
chronic osteoarthritis. 163 Experienced clinicians report pen- 
tosan polysulfate provides symptomatic relief in some horses 
that have been unresponsive to PSGAG. The recommended 
dosage regimen is 2 to 3 mg/kg intramuscularly every 7 days 
for 28 days, and the series can be repeated every 3 months as 
required. 163 Further clinical experience with pentosan poly- 
sulfate is required to define specific indications. 
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Glucosamine and Chondroitin Sulfate 

Glucosamine and. chondroitin sulfate are compounds 
extracted from animal products that have been used to treat 
osteoarthritis in people in Europe for more than a decade. In 
North America an interest in using these products in people 
and animals has developed. These supplements reportedly 
possess anti-inflammatory and disease-modifying effects, and 
because of the relative safety, they could have great use in 
managing osteoarthritis even if they are only modestly effec- 
tive. In vitro and appropriately designed and rigorous clinical 
trials are lacking, but available data suggest beneficial effects. 

Glucosamine sulfate is a precursor of the disaccharide sub- 
units of cartilage proteoglycans. Glucosamine salts appear to 
be well absorbed after oral administration. 167 In vitro studies 
indicate that glucosamine sulfate increases proteoglycan syn- 
thesis by chondrocytes and may have a number of anti- 
inflammatory activities. 168 ' 171 Glucosamine was protective for 
proteoglycan loss and inhibited MMP synthesis and activity in 
equine cartilage explants. 172 Follow-up experiments using a 
variety of glucosamine derivatives and sulfated glucose con- 
trols demonstrated that cartilage-sparing properties of glu- 
cosamine are shared by the 3-sulfate and hydrochloride salts 
but that glucose-3 -sulfate and N-acetylglucosamine are 
devoid of chondroprotective effects at equimolar doses. 173 
Glucosamine also appears to reduce the suppressive effects of 
some cytokines on cartilage proteoglycan synthesis. 174 The 
hydrochloride salt of glucosamine is less expensive than the 
sulfated forms and constitutes the principal form of glu- 
cosamine marketed in North America. 

Chondroitin sulfate consists of chains of sulfated galac- 
tosamine and glucuronic acid molecules and is the principal 
glycosaminoglycan of aggregating proteoglycan (aggrecan). 
Chondroitin sulfate is less sulfated but resembles PSGAG in 
structure and mechanisms of acton. Data from in vitro studies 
have demonstrated anti-inflammatory properties of the drug 
on leukocytes. 175 Experiments have provided evidence of 
chondroprotective effects of chondroitin sulfate, including 
stimulating the synthesis of proteoglycans and inhibiting the 
activity of certain matrix degrading enzymes, particularly 
when chondroitin sulfate is present in a polymerized or long- 
chain form. 176-178 Chondroitin sulfate also has protective 
effects for cartilage proteoglycan loss in animal models of joint 
inflammation. 179 ' 180 

Controversy persists regarding the efficacy of enteral 
absorption of chondroitin sulfate in a biologically active (long- 
chain] form. In monogastric species, the oral bioavailability is 
less than 20%, 17S and although isotope recovery is possible in 
animals fed radiolabeled chondroitin sulfate, 181 absorbed 
radioactivity may reside in small-chain or monomeric forms of 
the sugar that lack the biological effects of polymers. 182 
Gastrointestinal absorption of polymerized chondroitin 
sulfate in the horse is unknown. 

Clinical trials with chondroitin sulfate and glucosamine, 
used alone or in combination in people, revealed symptomatic 
relief similar to that of ibuprofen. 183 Unfortunately, most 
studies lack appropriate controls and are complicated by the co- 
administration of other medications. 184 ' 185 Recommendations 
from recent meta-analyses, a type of study using stringent crite- 
ria for inclusion and statistical analyses of other published 
studies, call for additional trials with larger cohorts of patients 
studied for longer periods of time. > 86 . 187 Interestingly, in military 
personnel with spinal and knee osteoarthritis, symptomatic 
relief was reported using a variety of subjective measures, but 
running times were unaffected by treatment. 188 

To date, clinical research in horses is limited, 189 and 
reported results vary from beneficial effects to limited value. 
Which horses will respond to oral supplementation is not 
known. Formulation of glucosamine and chondroitin sulfate- 
containing supplements is not regulated by the Food and Drug 



Administration (United States), so purity and content are not 
always ensured. Products with certified content from reputable 
sources should be used. 

Common Practices in Medical Management 

There are two principal objectives of medical management 
of the equine athlete: symptomatic relief and arresting pro- 
gression of joint degeneration. As for people with rheumatic 
disease, no equine compound exists for which incontrovert- 
ible in vivo evidence of disease modification exists. Efficacy of 
most drugs is based subjectively on clinical experience. To 
assess trends in current practices of medical management of 
osteoarthritis, we sent questionnaires to 20 members of the 
American Association of Equine Practitioners for whom the 
treatment of performance horse lameness was particularly 
common. The survey included questions regarding the use 
and perceived efficacy of NSAIDs, corticosteroids, hyaluro- 
nan, PSGAG, and nutriceuticals (glucosamine and chon- 
droitin sulfate-containing products). Fourteen responses were 
returned, including from five veterinarians working exclu- 
sively with Thoroughbred racehorses, two exclusively with 
Standardbred racehorses, four with Western or show horses 
(hunting, jumping, dressage, other show) or both, and three 
who treated racing and show breeds. Collectively, respondents 
treated an estimated 1 7,000 horses with osteoarthritis annu- 
ally and most estimated that osteoarthritis accounted for at 
least 60% of their lameness case load. 
Nonsteroidal Anti-Inflammatory Drugs 
All respondents used NSAIDs and phenylbutazone was the 
most frequently used. Cited advantages included cost, 
efficacy, and anti-inflammatory potency compared with other 
compounds; ability to administer the drug by a variety of 
routes; and relative lack and predictability of toxic effects. 
NSAIDs were considered adjunctive and were seldom used 
alone. 

Corticosteroids 

All respondents but one used intra-articular injections of cor- 
ticosteroids regularly (29%) or frequently (71%). Common 
indications for corticosteroid use included recurrent osteo- 
arthritis in horses that had previously responded well to intra- 
articular medication and subacute or chronic osteoarthritis 
that was unresponsive to other therapies. Acute signs of osteo- 
arthritis were managed less commonly with intra-articularly 
administered corticosteroids. Some clinicians combined corti- 
costeroids with local anesthetic solutions when performing 
diagnostic analgesia. Corticosteroids were seldom used alone 
and in 50% of horses were used with intra-articularly admin- 
istered hyaluronan. 

Among the available products, rnethylprednisolone acetate 
was the most popular; it was used (although not exclusively) 
by 1 2 respondents. Among these veterinarians, eight opined 
that rnethylprednisolone acetate was more effective or had a 
greater duration of activity than other corticosteroid prepara- 
tions. The second most popular preparation was triamci- 
nolone acetonide. Dose varied among veterinarians and was 
also dependent on the volume of the synovial cavity being 
treated. About 50% of clinicians used rnethylprednisolone 
acetate and triamcinolone acetonide at relatively low doses 
(e.g., 40 mg and 6 mg per articulation, respectively), and the 
rest used higher doses (e.g., 100 to 120 mg and 12 to 18 mg 
per articulation, respectively). Intra-articularly administered 
corticosteroids were more popular and tended to be used at 
higher doses by racetrack clinicians than by those treating 
other sport horses. Overall, intra-articularly administered cor- 
ticosteroids were considered effective for managing horses 
with acute synovitis and somewhat less so in those with 
established osteoarthritis (Fig. 85-2, A). Notably, estimates of 
efficacy were similar, regardless of whether low or high doses 
were used. 
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Hyaluronan 

All respondents used intra-articularly administered hyaluronan, 
but for hyaluronan to be used initially or alone was uncommon, 
particularly in horses with established osteoarthritis. Twelve 
(86%) of 14 supplemented hyaluronan injections with other 
forms of treatment, most commonly concurrent administration 
of intra-articularly administered corticosteroids, particularly 
among those who treated Thoroughbred racehorses. Although 
combined use of corticosteroids and hyaluronan was also 
common among veterinarians treating show horses, two used 
hyaluronan alone 80% of the time. 

Interestingly, seven clinicians chose to use hyaluronan pref- 
erentially in high-motion joints (e.g., middle carpal joint), 
whereas seven used the drug equally between high-motion 
and low-motion joints (e.g., centrodistal and tarsometatarsal 
joints). A variety of hyaluronan preparations were used and 
respondents were divided in their views on the relative effi- 
cacy of high and low molecular weight products. An unbiased 
evaluation of the therapeutic efficacy of intra-articularly 
administered hyaluronan was hampered by the co-administra- 
tion of a corticosteroid preparation. 

Most clinicians had experience treating horses with intra- 
venous hyaluronan, but few, regardless of the type of horse 
treated, were impressed by its efficacy, particularly when used 
alone (Fig. 85-2, B). They opined that effects on osteoarthritis 
signs were not dramatic and duration was short. 
Polysulfated Glycosaminoglycan 

PSGAG use was common. Six of seven racehorse veterinarians 
used intra-articularly administered PSGAG at least occasionally, 
whereas a similar number of non-racehorse veterinarians 
avoided the practice. Intra-articularly administered PSGAG was 
used most commonly in horses with recurrent clinical signs or 
those with sub-acute or chronic conditions that were unrespon- 
sive to other therapy. Indications for intramuscular use varied 
widely. In addition to the indications listed for intra-articular 
administration, intramuscularly administered PSGAG was used 
to treat horses with acute or recurrent chronic osteoarthritis, or 
both types. PSGAG was also used as a preventative measure. 
PSGAGs were used with other treatments and estimates of 
efficacy were diverse, ranging from completely ineffective, to 
constituting a major element of therapy. 
Glucosamine and Chondroitin Sulfate 
Most respondents had experience with nutriceuticals, but 
unlike other compounds they were used most commonly as 
a preventative measure, often at the request of an owner or 
trainer. These products were considered substantially less 
effective than the other medications (Fig. 85-2, C). Most con- 
sidered these products adjunctive at best, and no trend 
favored one product over another. 

Overall, considerable variation existed regarding medical 
management of osteoarthritis, but certain themes emerged. 
Phenylbutazone remains the most popular NSAID, was effec- 
tive, and often is used with intra-articular injections. Intra- 
articular injections of corticosteroid and hyaluronan, often 
in combination, are frequently used to manage acute and 
chronic osteoarthritis in all sport horses. Opinions were 
divided regarding the purported superiority of high molecular 
weight hyaluronan when injected intra-articularly, but the 
consensus was that intravenously administered hyaluronan 
was of limited value. PSGAG use remains popular, but con- 
siderable variation existed in the indications for use and 
perceived efficacy. Little support was given for the routine 
therapeutic use of nutriceuticals. 

Intra-Articular Medications: Practical Considerations 

Intra-articularly administered medications are important in 
managing osteoarthritis, yet no clear consensus is apparent 
regarding specific practices and precautions. Given the gravity 
of post-injection infection, in particular when resistant bacte- 



ria such as methicillin-resistant Staphylococcus aureus are 
involved, strict adherence to aseptic technique is mandatory. 
An appropriate standard includes thorough surgical prepara- 
tion of the intended injection site and using sterile gloves and 
single-use syringes and needles. Multiple dose botties or vials 
of any preparation intended for intra-articular use should be 
avoided. Although long accepted, the practice of clipping or 
shaving the injection site has been challenged recently by a 
study demonstrating that bacterial numbers were comparable 
between surgically prepared clipped and undipped injection 
sites of the equine carpus and distal interphalangeal joints. 190 
No consensus exists on duration of rest after an intra- 
articular injection, largely from lack of objective information. 
Supported by various reports, recommendations vary from 
immediate resumption of exercise to 30 days of rest from 
training after any injection. Variation in recommendations is 
not unique to the equine practitioner. In a survey of the 
members of the American College of Rheumatology, recom- 
mendations for rest after intra-articular corticosteroid injec- 
tions in people varied from 48 hours or less to 1 week or 
more. 191 Clearly the nature and severity of osteoarthritis 
should be considered. Because compelling evidence exists that 
corticosteroids have inhibitory effects on cartilage matrix 
metabolism, the dose of corticosteroid must be considered. 
Mechanical properties of cartilage in corticosteroid-treated 
joints are altered, 192 and although normal loading of cartilage 
has beneficial metabolic effects, heavy loading can compound 
the inhibitory effects of corticosteroid on matrix synthesis. 193 
Unfortunately, most studies have used generous corticosteroid 
doses and normal cartilage that responds differendy to osteo- 
arthritic cartilage. 82 " 84 ' 194 Nonetheless, the deleterious effects 
of exercise after intra-articular corticosteroid injections have 
been over-rated. 82 ' 83 Moreover, industry pressures often mili- 
tate against prolonged periods of rest after injections. After 
considering all factors, we recommend horses be given 2 to 
3 days of box (stall) rest with hand walking, followed by a 
gradual return to light training, after intra-articular injections 
of corticosteroid. Similar recommendations are given for 
injections with hyaluronan and PSGAGs, even though issues 
such as inhibition of matrix synthesis are less important with 
these drugs. 

Despite a near complete lack of knowledge of effects 
of mixing local anesthetic solutions with corticosteroids for 
intra-articular injections, rheumatologists commonly mix 
both in the same syringe to reduce pain, dilute corticosteroid 
suspensions, reduce post-injection flare, and help diagnose the 
source of pain. 191 Equine veterinarians often combine the two 
solutions to investigate and treat a source of pain simultane- 
ously. Conversely, some clinicians avoid a second intra-articu- 
lar injection if local anesthetic solution was injected recently. 
Local anesthetic agents cause a mild inflammatory response in 
joints, 195 but it is unclear whether inflammation or drug inter- 
actions influence the therapeutic response to concurrently 
or sequentially injected medications or substantially increase 
the risks of post-injection infection. We do not recommend 
routine use of combined injections. 

Post-injection flare causes pronounced synovial effusion 
and often substantial lameness and usually occurs 4 to 24 
hours after injection. Rapid response to lavage and anti- 
inflammatory therapy is usually seen. However, appropriate 
antimicrobial therapy should be instituted, and synovial fluid 
samples should be submitted for culture and susceptibility 
testing and cytological examination. 

Medical Management: Conclusions 

From objective and subjective information presented, clearly 
specific recommendations for all situations are difficult to 
mal - Management choices are still made based on general 
principles, past experience, and economic considerations, 
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and the evolution of these regimens often is determined by 
therapeutic response. Given the complexity and variations of 
osteoarthritis and paucity of specific knowledge regarding the 
effects of available medications, veterinarians still must tailor 
treatments individually. 



SURGICAL TREATMENT 



Diagnostic and Surgical Arthroscopy 

The application of arthroscopic techniques to the horse has 
revolutionized the treatment of traumatic joint injuries. 196 - 197 
The advantages and disadvantages of arthroscopic surgery are 
discussed in Chapter 23, but importandy, arthroscopic surgery 
is the imaging modality of choice to evaluate articular carti- 
lage (Fig. 85-3), although magnetic resonance imaging may 
supersede it in the future, particularly in joints with limited 
surgical access (see Chapter 21]. Diagnostic arthroscopy is 
particularly useful in horses without radiographically visible 
lesions. 198 

Arthroscopic surgery is useful in surgical management of 
osteoarthritis. Since the advent of arthroscopic surgery, frac- 
tures of the proximal, dorsal aspect of the proximal phalanx are 
once again removed, with favorable results. The practice had 
previously been suspended when arthrotomy was performed, 
because low-grade lameness attributed to capsular fibrosis or 
calcification was often seen. 196 ' 199 Intra-articular lavage is a 
benefit from arthroscopic surgery, because inflammatory debris 
and cartilage fragments are washed from the joint. Joint lavage 
is itself an important consideration in managing inflamed joints. 
In people with osteoarthritis, joint lavage alone is comparable to 
other forms of medical therapy. In Standardbreds in training, 
injection of small volumes of saline solution combined with 
3 weeks' rest was more effective than rest alone in alleviating 
clinical signs of traumatic arthritis. 200 - 203 

Arthroscopic , surgery is most useful in surgical manage- 
ment of osteoarthritis by eliminating the inciting cause and 
preventing the progression of osteoarthritis rather than treat- 
ing established lesions. The most common indication for 
arthroscopic surgery is the removal of osteochondral frag- 
ments of traumatic or developmental origin. The ideal can- 
didate is a horse that has not been injected previously with 
corticosteroids. Prognosis is favorable for horses after arthro- 
scopic surgery to remove small osteochondral fragments, but 
before secondary changes of osteoarthritis have developed. 
However, osteochondral fragments often occur with, or result 
from, osteoarthritis (see Chapter 39) and this reduces the 
prognosis. 204 ' 205 Presence of radiographic changes of osteo- 
arthritis before surgery reduces prognosis in any horse with 
osteochondral fragments. In horses with advanced radio- 
graphic evidence of osteoarthritis, arthroscopic surgery may 
be useful to assess the magnitude of cartilage damage and to 
provide temporary symptomatic relief, but it is of dubious 
value in making a positive impact on long-term prognosis. In 
horses with established osteoarthritis, client education is 
important and horses may best be managed medically. Case 
selection is most important when considering arthroscopic 
surgery or arthrotomy for management of any articular 
problem (see Chapter 23). 

Specific arthroscopic techniques are well established and 
detailed descriptions are available. 195 Controversy lingers 
regarding the vigor with which debridement of articular 
tissues should be performed. Currently, minimal effective 
debridement is advocated because articular cartilage has 
limited capacity for intrinsic repair. 197 Conversely, diseased 
bone should be completely removed. 

Care after surgery involves the principles of providing an 
environment for resolution of inflammation, providing stabil- 
ity and restricting joint motion to facilitate optimal healing of 




Fig. 85-3 Arthroscopic view (proximal is to the bottom) of the 
middle carpal joint in Standardbred racehorse with sizeable 
osteochondral fragments from the third carpal bone (C3). Beyond 
removal of osteochondral fractures, arthroscopic examination 
allowed determination of the magnitude of cartilage damage 
extending onto the weight-bearing surface of the third carpal 
bone and assessment of the degree of cartilage damage to the 
opposing surface of the radial carpal bone. 

articular tissues, and preventing post-operative contamina- 
tion. Rest is important to reduce articular trauma and to min- 
imize disruption of fragile repair tissues. NSAIDs are 
administered for 3 to 5 days to reduce inflammation from sur- 
gical trauma. Appropriate bandaging and rehabilitation are 
important (see Chapters 87 and 92). Although popular, the 
intra-articular use of hyaluronan and PSGAG after surgery 
had no beneficial effects on healing experimental cartilage 
defects. 206 ' 207 Prognosis depends on several factors, but most 
importantly the magnitude and location of cartilage damage 
should be considered. For example, horses with carpal osteo- 
chondral fragments with 50% or more cartilage or subchon- 
dral bone loss have a significantly inferior prognosis than those 
with less severe lesions. 208 

Internal Fixation of Intra-Articuiar Fractures 

Common intra-articular fractures managed by lag screw tech- 
niques include third carpal bone slab fractures, lateral (and 
medial) third metacarpal/metatarsal bone condylar fractures, 
and sagittal fractures of the proximal phalanx. Internal fixa- 
tion of displaced, intra-articular fractures involving sizable 
portions of the articular surfaces of these and other bones 
offers the greatest possibility for the horses to return to func- 
tion. Repair of non-displaced fractures may improve healing 
time and substantially reduced risk of delayed displacement of 
fracture fragments. In addition, experimental evidence sug- 
gests that cartilage healing is superior with stable internal 
fixation of intra-articular fractures. 209 

Internal fixation can and should be combined with diag- 
nostic arthroscopy. Arthroscopic surgery can be useful to 
assess cartilage damage, facilitate the identification and 
removal of small osteochondral fragments and debris in the 
fracture line, assess for comminution, 210 and evaluate reduc- 
tion before implants are placed. The size and number of 
implants is dictated by fracture configuration and surgeon 
preference, and cortical bone screws are placed according to 
principles of the Association for the Study of Internal 
Fixation. 211712 Appropriate positioning of implants to opti- 
mize reduction and congruity of articular components is facil- 
itated by intra-operative radiography or fluoroscopy. 




Fig. 85-4 A, Dorsopalmar and B, lateromedial radiographic views of the distal limb of a year- 
ling with lameness referable to the proximal interphalangeal joint. A, There is an osseous cyst-like 
lesion (arrows) in the proximal aspect of the middle phalanx. B, The area was decompressed using 
transcortical drilling, and the procedure successfully abolished lameness. 



Osseous Decompression 

On occasion, joint pain may be referable to lesions of sub- 
chondral and epiphyseal bone that are not accessible arth.ro- 
scopically. For example, subchondral cysts or osseous cyst-like 
lesions lacking a direct articular communication may Occur 
under weight-bearing surfaces. Transcortical decompression 
has been successful in reducing lameness (Fig. 85-4). This 
empirical treatment is based on the principles of debridement 
of malacic bone and on the physiological premise that ele- 
vated metaphyseal pressures contribute to articular pain. 

Synovectomy 

Synovial resection, or synovectomy, involves removing 
inflamed, hypertrophic, or infected synovial membrane and can 
be accomplished surgically, with chemical agents, or using radio- 
active isotopes. 213 Synovial resection can be local (partial syn- 
ovectomy) or generalized (subtotal or complete synovectomy). 

In people with rheumatoid arthritis, early synovectomy pro- 
vides temporary pain relief and reduces synovial inflammation. 
Symptomatic relief is typically more long-lasting for patients 
treated early in the course of the disease. 2 ' 11 ' 215 The rationale for 
the use of synovectomy in rheumatoid arthritis is intuitively 
clear, because the synovium has a well-established role in the 
disorder. In osteoarthritis the synovium plays a minor role in the 
disease process, and only mild response is observed in people 
with osteoarthritis treated by synovectomy. 216 

Specific indications and potential benefits of synovectomy in 
equine joint surgery have yet to be determined. Regeneration of 
the equine synovium after arthroscopically assisted synovec- 
tomy is slow compared with other species, but the procedure 
has negligible ill effects. 217 ' 220 Arthroscopic synovectomy is 
considered beneficial in reducing bacterial load and attenuating 
profound synovitis in chronically infected equine joints. 221 
Results of synovectomy in managing horses with chronic, unre- 
sponsive infectious arthritis of the tarsocrural joint are favorable 
(Fig. 85-5). 




Fig. 85-5 Arthroscopic view of the tarsocrural joint of a race- 
horse with chronic active synovitis that was refractory to medical 
treatment. Greatly enlarged and club-like synovial fronds (under 
the stainless steel elevator) are evident. The gelding responded 
favorably to subtotal synovectomy. 

To date, no compelling evidence supports the routine use 
of subtotal synovectomy in treating horses with osteoarthritis. 
Synovectomy was reported to be effective in reducing lame- 
ness from chronic proliferative synovitis of the fetlock and 
carpal joints of racehorses. 222 

Arthrodesis 

In some horses, osteoarthritis is severe and cannot be managed 
medically or by conventional surgical techniques. Often concern 
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exists about laminitis of the contralateral limb and euthanasia 
may be considered if the horse has no residual value as a breed- 
ing prospect. In horses with chronic, severe, and refractory 
osteoarthritis of low-motion joints, such as the proximal inter- 
phalangeal and distal tarsal joints, arthrodesis can preserve 
athletic function. 223 " 227 Arthrodesis can be performed using 
internal fixation and external coaptation or by using chemical 
means. 228 ' 229 Arthrodesis of high-motion joints, including the 
scapulohumeral, antebrachiocarpal or middle carpal, metacar- 
pophalangeal, and distal interphalangeal joints, is performed as 
a salvage procedure. 230 " 233 



INVESTIGATIONAL TREATMENTS 



Experimental treatments used in people may be applicable to 
horses. Active areas of research include cartilage resurfacing 
and limiting the effects of known biological mediators of 
osteoarthritis. Preliminary results using these approaches, 
alone or in combination, have been encouraging, though a 
number of biological and technical obstacles remain. 

Joint Resurfacing 

Cartilage loss is one hallmark of osteoarthritis. Cartilage has 
limited capacity for repair and considerable effort has been 
expended in attempts to augment intrinsic healing or to replace 
it. A number of approaches currently are being explored to 
provide a biochemically and biomechanically suitable repair 
tissue for equine osteochondral defects. 

The healing of partial thickness cartilage defects is ineffec- 
tual, and the recruitment of a larger population of cells than 
that which exists in the adjacent matrix is required for 
optimal healing to occur. Attempts to improve the natural 
healing process typically involve debridement of the sub- 
chondral plate, or other methods to recruit pluripotent cells 
from the marrow cavity (stimulated endogenous repair), or 
the delivery of chondrogenic tissues, chondrocytes, or pluri- 
potential cells to the defect (articular grafting). To date, the 
long-term efforts to modulate healing of cartilage defects have 
been disappointing, because formation of true hyaline carti- 
lage has not occurred. 234 " 236 The biochemical composition of 
repair tissues frequently lacks appropriate macromolecules, 
specifically type II collagen, and a normal concentration of 
proteoglycans of suitable size and structure. Lacking the 
required composition, the biomechanical performance of the 
tissue is less than ideal and ultimately leads to its breakdown. 
Stimulated Endogenous Repair 

Stimulating endogenous repair in equine joints involves tech- 
niques to provide access of marrow elements to the cartilage 
defect (e.g., subchondral drilling), but results have not paral- 
leled those in laboratory species. Problems of dedifferentiation 
of the repair tissue to a largely fibrous tissue composition have 
occurred. This fibrous tissue lacks the required functional 
characteristics. 237 ' 238 

More recently, a technique involving the creation of 
microfractures in the subchondral plate to allow access of 
marrow pluripotential cells to the cartilage defect was devel- 
oped. Known as micropicking or breaching, a stainless steel awl 
is used to create small crack-like defects in the articular end 
plate, usually under arthroscopic control. 239 ' 2,10 Micropicking 
is a simple and atraumatic way to provide pluripotent cells, 
and proponents cite the lack of heat generated as one reason 
that results are superior to drilling techniques. 2 " 1 ! Another 
advantage of micropicking is that it preserves the subchondral 
plate. This is noteworthy because destruction of the subchon- 
dral plate typically compromises any resurfacing effort. 234 
Experimental use of micropicking in normal horses resulted in 
more voluminous repair tissue than controls; however, little 
difference in repair tissue quality was apparent. 242 Although 



reports of using micropicking to treat traumatic injuries in 
human athletes are encouraging, the indications and long- 
term results of the procedure in the horse are unknown. 
Articular Grafting 

Initially, studies using onlay grafts of periosteum or perichon- 
drium for resurfacing of cartilage defects in laboratory animals 
generated much excitement. Attempts to apply this approach 
in the horse were disappointing and research efforts have 
shifted focus to grafts of cultured chondrocytes or cartilage- 
progenitor cells contained in an appropriate substrate. 235 ' 243 ' 244 
To date, uniformly successful results have not been achieved 
using these methods. The problems of graft incorporation, cell 
survival, and an inability to maintain a functional hyaline car- 
tilage repair persist. Recent studies are beginning to shed 
more light on the specific idiosyncrasies of cell metabolism in 
cartilage defects, and soon improving repair tissue quality 
through more precise regulation of cell metabolism in the 
various strata of the healing wound may be possible. 245 " 247 

Biologically Based Therapies 

Biological therapy is intended to modulate the extent of 
immunological or inflammatory events while maintaining 
appropriate tissue function and responses. The goal of this 
approach is to control the excessive activation of the various 
mediators leading to cartilage degradation. Inhibition can be 
accomplished directly or indirectly. Areas of active investiga- 
tion include administering MMP blockers, drugs that directly 
inhibit inflammatory cytokines (e.g., interleukin-1), and pro- 
viding natural inhibitors of proteinases or cytokines. For 
example, efforts at suppressing cartilage matrix degradation 
have been conducted using natural 248 - 249 or synthetic matrix 
MMP inhibitors. 248 ' 250 ' 251 Another strategy to prevent pro- 
teolytic cartilage degradation is to inhibit the synthesis or 
activity of mediators responsible for stimulating the synthesis 
enzymes. For example, matrix MMP release is stimulated by 
interleukin-1, a process that can be blocked by interleukin-1 
receptor antagonist protein, a naturally occurring inhibitor of 
interleukin-1. Intra-articular administration of interleukin-1 
receptor antagonist protein slows the progression of lesions in 
experimental osteoarthritis. 252 ' 253 Similarly, antibodies and 
soluble receptors to tumor necrosis factor-a, another pro- 
inflammatory cytokine implicated in arthritis, reduced carti- 
lage loss in collagen-induced arthritis in mice. 254 ' 255 In addition 
to specific inhibitors, treatment with proteins that indirectly 
block the effects of inflammatory mediators may be of thera- 
peutic value. An example includes administering interleukin-4, 
a blocking cytokine with metabolic effects opposite to those of 
recognized pro-inflammatory forms, such as interleukin-1 or 
tumor necrosis factor-a. 256 Another approach is to attempt to 
enhance matrix synthesis and repair. This method involves 
administering cytokines such as basic fibroblast growth factor 
or insulin-like growth factor, which have been shown to 
influence cartilage metabolism and healing favorably. 257 ' 258 

Unfortunately, the actions of many of these therapeutic pro- 
teins are short-lived, which necessitates frequent administration. 
Gene therapy represents a potential means by which delivery of 
some of the mentioned therapeutic proteins may be possi- 
ble. 259 - 260 Although technical aspects of the approach vary, the 
general principle involves introducing a gene that enables cells 
within the joint to synthesize one or more therapeutic 
productfs) (Fig. 85-6). Genes coding for anti-arthritic proteins 
are the most obvious choice, but bioactive ribonucleic acid 
(RNA) molecules or antisense RNA could also be valuable. The 
advantage of gene therapy is that, once the gene is present, 
theoretically the gene could be transcribed and translated many 
millions of times to produce a therapeutic level of its product. 
Candidate proteins for gene therapy include natural MMP 
inhibitors (e.g., tissue inhibitors of metalloproteinases), 
cytokines (e.g., insulin-like growth factor), and cytokine 
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Fig. 85-6 General approaches for equine joint disease using local gene therapy. A vector con- 
taining one or more therapeutic genes can be injected directly into the affected joint (in vivo 
approach), or a biopsy containing patient cells may be transfected with a vector (frequently viral) 
containing the genes of interest, after which the cells are propagated in culture and re-introduced 
to the joint in large numbers (ex vivo approach). 



inhibitors (e.g., interleukin-1 receptor antagonist protein). 
Inhibition of cartilage degradation has occupied much of the 
research efforts to date, many involving experiments designed to 
block the effects of interleukin-1 on cartilage degradation. 261 ' 262 
The interleukin-1 receptor antagonist gene was introduced 
successfully into normal equine joints, and preliminary results 
in an experimental joint disease model were favorable. 263 ' 26,1 
Promoting matrix synthesis is another potential application of 
gene therapy. For example, transfer of growth factor constructs 
(transforming growth factor-pT , insulin-like growth factor 1 , and 
bone morphogenic protein 2) to chondrocytes was successful in 
increasing synthesis of collagen and proteoglycan. 265 ' 266 

Durable resurfacing of cartilage defects ultimately may be 
accomplished with a combination of chondroprogenitor cell 
transplantation and gene therapy, with the introduction of 
genes coding for one or more selected growth factors. 
Theoretically, if the correct combination of proteins could be 
expressed in appropriate quantities, at the correct times 
during healing and incorporation of the transplanted cells, 
modulation of grafted or endogenous repair tissues to hyaline 
cartilage may well be possible. 
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The benefits of providing analgesia for acute and chronic 
pain have been well established in many species. 
Inadequate treatment of pain in animals can result in 
inappetence and weight loss, increases in serum Cortisol and 
catecholamines, tachycardia, hypertension, and compromise of 
the immune system. 1 Increases in serum Cortisol and catechola- 
mines can cause derangements in serum glucose, protein metab- 
olism, and immune function. In addition, horses with a painful 
limb may remain recumbent for prolonged periods of time, with 
resultant decubital ulcer formation and secondary infection. 

Designing an appropriate plan for analgesia in horses, 
particularly for those with severe, chronic pain can be chal- 
lenging. Parenterally administered opioids and ct,-adrenergic 



agonists maybe associated with side effects such as ataxia and 
excitement, and adverse effects on the gastrointestinal and 
cardiovascular systems. Non-steroidal anti-inflammatory 
drugs (NSAIDs) can cause gastrointestinal ulceration or renal 
disease, and they may be inadequate for horses with acute, 
intense pain. Epidural administration of drugs provides a more 
localized analgesia and fewer systemic effects than parenteral 
administration. 

Epidural drug administration places a drug in close proxi- 
mity to its site of action within the spinal cord or spinal nerves 
as they exit the spinal cord. A greater analgesic effect may be 
achieved with a smaller total dose of a drug. The duration of 
analgesia is usually longer than with parenteral administration. 
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EXECUTIVE SUMMARY 

A revolution is faking place in the treatment of arthritis. After 10 years when no new types of 
arthritis drug were launched, some breakthrough products have at last reached worldwide 
markets. This is the culmination of intense investment in arthritis R&D by the pharmaceutical 
industry. Two major factors which prompted this investment were the dramatic growth which 
this already large market is experiencing and the continuing unmet medical need for effective 
arthritis therapies. 

The two major types of arthritis are osteoarthritis and rheumatoid arthritis. They are chronic 
debilitating diseases with high prevalence, particularly among the elderly. Their prevalence is 
increasing rapidly as the world's population balance changes and more people get older. As a 
result, the market for arthritis treatments has grown and will continue to grow. 

Treatment options have for a long time been far from ideal. Whilst drugs could alleviate some 
painful symptoms of arthritis, adverse events were widespread and many treatments lost their 
effectiveness during chronic use. The new drugs are not cures, but they act much more 
specifically than older products, meaning greatly improved efficacy and fewer adverse 
events. 

Two of the new drugs are non-steroidal anti-inflammatory drugs (NSAiDs) which selectively 
inhibit the enzyme cyclooxygenase-2 (COX-2). NSAiDs have for a long time been used to 
reduce inflammation, relieve pain and improve joint function in arthritis, but they can cause 
serious gastrointestinal adverse events. The old NSAIDs inhibited both COX-2 and another 
COX isoform, COX-1 . We now know that while COX-2 is involved in inflammation, COX-1 
is associated with normal gastrointestinal events. By affecting only COX-2. the new selective 
products are expected to offer greater safety if not improved efficacy over existing NSAIDs. 
The first of these new drugs is Searle's celecoxib (Celebrex), which is 400-fold more 
selective for COX-2 than COX-1. It was launched in the US for the treatment of osteoarthritis 
and rheumatoid arthritis in January 1999 and has already achieved record prescription sales. 
Its rival is Merck & Go's rofecoxib (Vioxx), which has been approved in Mexico and the US, 
In addition to osteoarthritis, it is indicated for acute pain management, which could give it a 
competitive edge over celecoxib. Medical specialists and financial analysts predict that the 
sales of these drugs will reach more than $1 billion each and possibly up to $5 billion 
combined. 

At the end of 1998. a new drug specifically for rheumatoid arthritis was launched in the US. 
Leflunomide (Arava) from Hoeehst Marion Roussel is a disease-modifying antirheumatic 
drug (DMARD). It was the first DMARD to be approved for over a decade and the first to be 
indicated for delaying structural damage in rheumatoid arthritis. The description DMARD is 
used for a disparate group of drugs which slow joint destruction and reduce disability. A 
range of problems are associated with their use, including renal and hepatic toxicity, delayed 

onset of action (4 12 weeks) and loss of effectiveness because of prolonged use. 

Leflunomide acts selectively on lymphocytes, preventing their damaging autoimmune effects. 
Whether its selective activity offers improved efficacy and safety is a subject for discussion. 

A further new group of drugs has been designed to target the inflammatory mediator tumour 
necrosis factor-cc (TNF-a), which was discovered through research into the inflammatory 
processes of rheumatoid arthritis. Its central role made it an attractive therapeutic targe! for 
developing ami arthritis drugs. Etanercept (Immunex's Enbrel) is a TNF-a receptor p75 
fusion protein which competitively inhibits the binding of TNF-a to the TNF-a receptor, 
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thereby inhibiting the activity of TNF-cc - It has been launched for the treatment of 
rheumatoid arthritis and promises to contribute a novel alternative treatment to the current 
DMARDs. possibly replacing them in the future. In contrast, infliximab (Centocor's 
Remicade) and D2E7 (Knoll) are monoclonal antibodies which specifically target TNF-a. AH 
three drugs represent a major advance in the management of rheumatoid arthritis, but are not 
totally without side effects. Their full potential has yet to be demonstrated, particularly with 
respect to disease progression 

A number of companies are investigating other novel approaches to the treatment of arthritis. 
The report highlights some of these and provides a comprehensive tabulated summary of all 
the arthritis drugs in clinical and preclinical development. 

The report contains 17 company profiles representing a cross section of the companies 
marketing and developing arthritis therapies. It provides information on their background, 
financial hig i drug development. 
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CHAPTER 2 
AN OVERVIEW OF ARTHRITIS 

2.1 Arthritis defined 

The word arthritis means literally 'inflammation of a joint' but it is often used in a broad 
sense to encompass the more than a hundred so-called rheumatic diseases (Arthritis Today, 
1997). Such diseases affect not only the joints but also other connective tissues (muscles, 
tendons, ligaments and protective coverings of internal organs). The two major arthritis 
diseases, osteoarthritis and rheumatoid arthritis are discussed in depth below. Other common 
types of arthritis include ankylosing spondylitis (an inflammatory disease thai affects the 
joints of the lower back which may lead to fusion of the spine) and gout (caused by the 
formation of uric acid crystals in the joint, leading to inflammation swelling and severe pain). 
These conditions will be discussed briefly later in this chapter. 

2.2 The normal joint 

In a normal mobile joint, (see Figure 2.3 ) the bone ends are covered with a protective layer of 
cartilage. The two cartilage surfaces never make contact because the synovial fluid lies 
between them, acting as a lubricant to facilitate the movement of the joint. The space filled 
with synovial fluid is known as the synovial or joint cavity. It is defined by the joint capsule, 
a protective envelope which consists of a thin layer of synovial cells (the synovium) 
embedded in a well vascularized extracellular matrix. The joint capsule is eventually 
stabilised by the ligaments of the joint. 

Figure 2. 1: The normal joint 
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The normal synovial membrane is a few cells thick and vascular. The surface layer is 
composed of macrophages and fibroblasi-like cells. Synovial fluid is a highly viscous fluid 
secreted by the synovial ceils. 

Normal human articular cartilage is completely avascular. It is composed of chondrocytes 
surrounded by an extracellular matrix of collagen fibres which contain proteoglycan 
molecule I'he jroteogl) tole les attract water whit ive pressure 

within the joint. Turnover of matrix molecules involves degrading enzymes, for example, 
matrix metalloproteinases (MMPs) whose activity is. in part, controlled by enzyme inhibitors 
(tissue inhibitors of MMPs). The integrity of the cartilage is dependent upon these local 
anabolic and catabolic actions and also on the action of cytokines. The interaction of cell 
membrane-associated adhesion molecules with the extracellular matrix is also a pivotal 
component of the process. 

2.3 Osteoarthritis 

Osteoarthritis is a non-inflammatory degenerative joint disease characterised by a splitting 
and fragmentation of the articular cartilage, hypertrophy of the bone and changes in the 
synovial membrane. These degenerative changes are accompanied by pain and stiffness and 
loss of function. The disease most commonly involves the neck, lower back, knees, hips and 
joints of the fingers. It is the most common type of arthritis, occurring in about 10% of the 
population overall and affecting 50% of those over the age of 60 (Kumar & Clark, 1990). In 
developed countries osteoarthritis is the major reason for hip and knee replacements and as a 
cause of invalidity, it is surpassed only by the coronary diseases (Hamerman, 1989). 

Osteoarthritis can also develop in joints that have suffered injury in the past or have been 
sublet feu to proh 1 1 i 

2.3.1 Aetiology and pathogenesis 

The initiation and progression of osteoarthritis involves multiple pathogenic mechanisms. Its 
aetiology is essentially unknown. 

The disease is characterised by progressive degradation of the components of the 
extracellular matrix of the articular cartilage, associated with secondary inflammatory factors. 
It differs from rheumatoid arthritis in that it is primarily a degeneration of the joint tissue 
which may be accompanied by an inflammatory reaction. Rheumatoid arthritis, on the other 
hand, is an inflammatory disease first and foremost and inflammation of the synovium is the 
focal point of the disease. 

Cartilage destruction is thought to arise from an imbalance between chondrocyte-controlled 
anabolic and catabolic processes. The chondrocyte is believed to initiate the deterioration of 
the joint by releasing collagenases, enzymes that degrade collagen and proteoglycans. 
Damage to the collagen fibres permits the uptake of water which makes the cartilage swell 
and split. Crystals are also released into the joint which cause synovial inflammation and may- 
exacerbate the destruction of the cartilage. An attempt by the body to repair the situation 
leads to remodelling of the bone and produces the osteophytes which are characteristic of the 
disease process. 

Osteoarthritis affects all components of the joint, including bunt, muscles, tendons, fibrous 
capsule, synovial membrane and articular cartilage. 
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The pathogenesis of the disease has been classified into four stages (see Cicuttini & Spector, 
1 998). These are as follows: 

* Initial repair: This is characterised by proliferation of chondrocytes and increased 
synthesis of extracellular matrix components and DNA 

» Early-stage osteoarthritis: During the early stage of development, the synthesis and 
activity of protease enzymes is increased. This leads to excessive degradation of the 
extracellular matrix components and net degradation and loss of articular cartilage. There 
is focal swelling of the articular cartilage followed by the appearance of irregularities in 
its surface. The synthesis of extracellular matrix components and DNA is increased as is 
the synthesis and release of proteolytic enzymes. The synthesis of protease inhibitors may 
be decreased 

* Intermediate-stage osteoarthritis: The components of the extracellular matrix are no 
longer synthesised but protease synthesis and activity remains elevated. This leads to 
progressive degradation and loss of articular cartilage. This stage is also characterised by 
the fibrillation (vertical splitting), detachment (horizontal splitting) and thinning of the 
cartilage 

* Late-stage osteoarthritis: At this stage, several extracellular matrix components (water, 
proteoglycans and collagen) are further reduced and the synthesis and activity of 
proteases remains high until the articular cartilage is almost completely destroyed. Bony 
outgrowths, known as osteophytes, occur at the joint margins resulting in what is known 
as residual arthritis. Clinically, this stage is characterised by pain and limitation of joint 
movement 

The disease is additive, moving slowly from joint to joint and progressing very slowly within 
individual joints. It has the greatest impact on weight bearing joints such as the hips and 
knees. Involvement of these joints is the commonest cause of disability among the elderly. 

2.3.2 Sites affected by osteoarthritis 

The hand is a common site of peripheral joint involvement. Bony swellings occur in the 
fingers, at the distal interphalangeal joints (Heberden's nodes) and at the proximal 
interphalangeal joints (Bouchard's nodes). Initially the joints are inflamed but later the 
inflammation disappears leaving knobbly, often painless swellings. Osteoarthritis at this site 
has less impact on the overall disability of the patient but, nevertheless, it may have 
considerable limitations in situations where manual dexterity is important. 

Hip disease is the most common reason for total hip replacement operations. Farmers and 
labourers have an increased risk of developing hip arthritis because of occupational 
influences (regular lifting). 

The prevalence of osteoarthritis of the knee is 40% in individuals over the age of 75 years 
(Cicuttini & Spector, 1998). It is more common in women than in men and there is a strong 
relationship with obesity (obese individuals being generally more susceptible). Injury and 
occupational knee-bending and physical labour all contribute to the risk of developing the 
disease. 
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The term generalised arthritis describes the involvement of at least three joints or a group of 
joints. In women osteoarthritis is often more severe and more sudden in onset than other 
forms of the disease. 

2.3.3 Epidemiology and risk factors 

A number of factors increase the risk for the development of primary osteoarthritis. I hese are 
as follows: 

• Age (the disease tends to start at around the age of 50 years) 

• Genetics (there is a strong familial tendency) 

• Gender (women have a greater predisposition than men) 

• Obesit\ (especi i ' regardi n mis of the knees) 

• Mechanical defects (for instance, damage to the joint) 

• Biochemical defects (certain processes can initiate cartilage degeneration) 

2.3.3.1 Age and gender 

The prevalence of osteoarthriti - in women in the age <_ mips untie 45 wars. 4-5 aO \ t ars and 
over 65 sears ts 2 f / 10' c and 68 c < respectively Jn men. tin prc\ leu. ■ i <K ,.m w 
groups is 3%, 24.5% and 58% respectively (Cicuttini & Spec tor, 1998). 

Below the age of 45 years, osteoarthritis (usually involving one or two joints) is more 
common in men but over the age of 55 years it is more common in women. In women in this 
age group it usually involves the knees, the first metacarpal and the interphalangeals. In the 
55-74-year age g i up o>tei . thnlts of the knee is more prevalent in women than in men 
(Cicuttini & Spector. 1998). The reasons for these gender differences are not known. 

2.3.3.2 Race 

Osteoporosis occurs in all populations irrespective of race, climate and geographical location. 
However the disease can vary within different, ethnic groups. For instance, hip disease is less 
common in Chinese and Asians than in individuals of Western origin (Cicuttini & Spector. 
1998). Osteoarthritis is also less common in black populations but when it does occur, it is 
the knee joint which is affected ( Kumar & Clark. 1990). 

2.3.3.3 Genetic associations 

Some kinds of osteoarthritis are thought to be hereditary, particularly among women. For 
instance, the common form which causes enlargement of the knuckles has been found to be 
associated with a specific genetic abnormality. This genetic defect is responsible for a change 
of a single amino acid which causes the cartilage to degenerate prematurely. 

The clinical evidence for the inheritance of osteoarthritis is summarised bv Cicuttini & 
Spector (1998) as follows: 

» Heberden's nodes (bony swellings at the distal tnterphalangeal joints of the fingers) are 
three times more common in the sisters of affected women compared with the general 
population 

• 20- < of individual* with osteoarthritis have a f amily history 
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• First-degree relatives have a two- fold increased risk of generalised arthritis 
» There is greater concordance in identical twins at a number of joint Mies 

• The inheritability of radiological knee and hand osteoarthritis is 39 659? 
2,3.3,4 Obesity 

Obesity as a risk factor for osteoarthritis is particularly related to osteoarthritis of the knees. 
The reported increased risk is two-fold to seven-fold for women in the top tertile of body 
mass index compared with women in the bottom tertile (Cicutlini & Speclor, 1 998 j. The 
proportion of osteoarthritis which can be attributed to obesity has been estimated to be 63% 
in the middle-aged and 259; in the elderly (Cicutlini & Spector, 1998). 

< ■ v s i i i k • 1 n.i 1 ,i 



2.3.3,5 Physical stress 

There is indirect evidence to support a relationship between lengthy and high-intensity weight 
bearing exercise and osteoarthritis of the knee and hip. There are a number of studies 
regarding exercise and the development of osteoarthritis among athletes but the data are 
conflicting (Cicuttini & Spector, 1998). 

2.3.4 Clinical features 

Osteoarthritis develops gradually with increasing evidence of joint pain, stiffness, restricted 
movement and swelling of the joint. The swelling may be caused by synovitis (inflammation 
of the synovial membrane) with effusion or it may be caused by osteophyte formation (as in 
Hebcrden's nodes). This can result in joint deformity, in advanced disease, the articular 
cartilage is destroyed. Progression of the disease leads to a poorly functioning, painful joint. 

Pain (usually in the knees, hips and hands) is worst in the evening, aggravated by use and 
relieved by rest. There is morning stiffness and stiffness alter sitting. The degree of disability 
depends on the site involved. Pain and deformity of joints such as the knee and hip will 
immobilise the patient whereas similar changes in a hand joint will only affect their manual 
dexterity. 

Little is known about the factors that influence the progression and regression of the disease. 

2.3.5 Diagnosis and management 
23.5,1 Diagnosis 

Osteoarthritis is suspected when pain develops in the involved joints. It is confirmed by 
physical examination and X-rays and by excluding other types of arthritis. The most 
important change, as shown by X-ray, is the narrowing of the joint space due to loss of 
cartilage, h is accompanied by the formation of osteophytes at the margin of the joints, 
sclerosis of the underlying bone and cyst formation, in secondary osteoarthritis there is often 
calcification. 
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2.3,5.2 Management 

The management of osteoarthritis comprises both pharmacological and non-pharmacological 
approaches. The aim is to relic h o j< t function. 

, . . non-pharmacological treatment 

Non-pharmacological therapy includes education m i , • >n phy> >therapy to restore 
joint movement and to increase the strength of the joint, application of heat and cold to 
relieve pain, ultrasound therapy, acupuncture, hydrotherapy and spa treatment. Joint surgery 
to repair or replace the joint (knee and hip disease t may be necessary. 

. . . pharmacological treatment 

Pharmacological therapy usually commences with simple analgesics and is followed by she 
use of NSAlDs, eg ibuprofen or naproxen sodium and may also include corticosteroid 
injections for acute relief. 

NSAIDs are commonly used in osteoarthritis, despite their gastrointestinal side effects which 
include gastric irritation and ulceration, inhibition of platelet aggregation and prolonged 
bleeding time (discussed in Chapters 3 and 4). For this reason, paracetamol may be the 
preferred first line analgesic. This is now likely to change with the introduction of the new 
COX -2 inhibitors tsee Section 4.1 s. 

Intra-artieular therapy with corticosteroids is used in the treatment of osteoarthritis when, 
despite the use of other treatments, pain and swelling persist. They offer some short-term 
benefit. 

2.4 Rheumatoid arthritis 

Rheumatoid arthritis is a major crippling disorder and the most serious form of arthritis. It is 
a chronic, systemic, relapsing disease, primarily of the joints, which is marked by 
inflammatory changes in the synovial membranes and adjacent structures. Its characteristics 
include general ill health, chronic synovial inflammation of the joints (swelling or effusion), 
damage to the bone (erosions) inflammation of the tendons (tenosynovitis) and systemic 
disease. The fact that it is a systemic disease means that there are many extra-articular 
features associated with it. 

The main symptoms are joint pain and stiffness. It commonly affects the small joints of the 
hands and feet but the larger joints may also be affected in time. The focal point of the 
disease is the synovial membrane. 

2.4.1 Aetiology 

Rheumatoid arthritis is of multifactorial aetiology although the exact cause is unknown. It 
appears to he due to a combination of environmental factors teg infection) and uenct it- 
factors . Genes have, in fact, been identified that arc responsible for more severe types of 
disease. 

Other environmental factors that may influence the onset of the disease include lifestyle and 
hormonal status. The influence of the hormonal environment is demonstrated In the fact that 
remission occurs during pregnancy and the incidence of the disease in women is greater 
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before the menopause (Brooks. 1998). Oral contraceptives probably have no effect on the 
disease but may delay its onset. 

2.4.2 Pathogenesis 

Rheumatoid arthritis is considered to be an autoimmune disease (a condition in which the 
body's defence system mounts an immune reaction against itself) and its aetiology is similar 
to that of any autoimmune disease. When an immune cell (T or B lymphocyte) reacts to a 
self-protein during its development in the thymus or bone marrow the cell is usually killed or 
inacthuted. Most T-cells never leave the thymus but undergo upoptosis in situ. However, 
occasionally a self- reactive cell (a T-eell or B-cell programmed to attack self-proiein) escapes 
destruction and many years later can be activated to trigger an immune response. The trigger 
is thought to be infection with a bacterium or virus (retroviruses have been implicated) 
containing a protein with an amino acid sequence that matches a sequence in a tissue protein. 
The sequence need only be five amino acids long to induce an immune response. Baeleria 
which have been implicated in the aetiology of rheumatoid arthritis include Streptococcus 
spp, mycoplasmas and Borrelia spp (the agent of Lyme disease). 

When the ti g > he join it causes an inflammatory reaction (see Chapter 1 

for a general introduction). This involves damage to small blood vessels supplying the joint 
and the infiltration of macrophages, plasma cells and lymphocytes. Macrophages engulf the 
antigenic substances, process them and present them to the T lymphocytes. The T-cell 
requires a particular self-gene marker to respond to the antigen presenting cell and if it does 
not see it there is no reaction. The self gene marker is related to the I II .A gene series. These 
are the MHC class II molecules and include HLA DR1 and HLA DRi. the latter molecule 
predicting a more severe type of rheumatoid arthritis. The antigen attaches to the MHC 
portion of the T-cell wall and activates the T-cells and macrophages. Activated T-cells 
produce cytokines which are mediators of inflammation. 

Once the T-cel) is triggered by the macrophage bearing the antigen panicles on its surface, it 
stimulates the production of a cascade of cytokines and cylotoxms (prostaglandins, 
leukotrienes. free-radical oxygen). The cytokines send messages that recruit other cells into 
the area to mount an immune attack on the inflamed joint and they also activate these cells to 
perform specific tasks in the inflammatory response (Brennan et al. 1992) for example, the 
production of ollagen destroying enzyme coliagena O lokn romott he 

destruction of bone (Brennan et al, 1992: Elliott et al, 1995). The cytotoxins attack the tissue 
directly thus contributing to the overall disease effect. 

The B-cells evolve into plasma cells. They produce antibodies that attack cells and target 
substances in the joint. As a result, the antibodies bind to their targets and form immune 
complexes which, in turn, trigger other immune cells to release complement proteins, some of 
which increase the permeability of blood vessels and allow more immune cells to enter. The 
B-cells also produce an abnormal antibody-related protein called rheumatoid factor which 
may or may not have diagnostic value (see below). 

Other leukocytes are also involved in the inflammatory process in the joint. These include 
granulocytes, mononuclear cells, monocytes and ma* , \h es an rophagi 

produce cytokines that contribute to the attack by releasing reactive oxygen species. They 
also produce copious quantities of collagenases and prostaglandins and/or proinflammatory 
cytokines (Burmester et al, 1997). 
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Large amounts of the proinflammatory (disease promoting) cytokines IL-1. TNF-a, IL-6 and 
GM-CSF are found in joints affected by rheumatoid arthritis. Similarly, significant amounts 
of anti-infiammaton (disease suppressing) cytokines and/or their soluble receptors are aiso 
present. These include IL-10, transforming growth faclor-p (TGF-p), interleukin- 1 receptor 
antagonist (IL-lra) and soluble TNF-a receptors. However, these anti-inflammatory agents 
are unable to down-regulate the inflammatory process of rheumatoid arthritis thus supporting 
the concept that rheumatoid arthritis is the result of a cytokine imbalance (Joreensen & Gay* 
1998), 

TNF-a is a macrophage-derived proinflammatory cytokine which is readily detected in both 
synovial fluid and synovial tissue (Isomaki & Punnonen 19^) It is detectec i 
pannus junction which suggests that it is involved in cartilage degt idaiion i( hu , > .,! 1992) 
Soluble TNF-a receptors are also present in increased levels in the joints of patients with 
rheumatoid arthritis (Cope et at, 1992), They function as natural inhibitors of TNF-a by 
binding to it and preventing its attachment to cell surface receptor* Evidence for "a 
pathogenic role tor TNF-a in rheumatoid arthritis is afforded by the fact thai TNF-a 
stimulates eollagenase and PGE 2 production and induces oariilagt ud bone destruction in 
cell cultures (see Isomaki & Punnonen, 1997 for references and further information). 

The proinflammatory cytokine IL-1 (which exists in two forms, IL-la and IL-10) and its 
natural antagonist IL-lra are also present in the joints of patients with rheumatoid arthritis 
and are implicated in us pathogenesis- For instance, in cell cultures, IL-1 induces PGE and 
eollagenase production by synovial cells and promotes bone resorption (see Isomaki & 
1 !CI Jt 7 h> i ferences and relevant research). 

A model of synovial inflammation in patients with rheumatoid arthritis is presented in Figure 
Figure 2.2; A model of synovial inflammation inpatients with rheumatoid arthritis 
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Concurrent with the initiation of the inflammatory reaction, the synovium responds to the 
ongoing attack by producing rapidly growing biood vessels. It proliferates and grows out over 
the .surface of the cartilage to produce a tumour-like mass known as a pannus. This process 
causes the swollen, painful joints that are characteristic of rheumatoid arthritis. The pannus 
blocks the flow of tissue fluid that nourishes the cartilage. At the same time, granulocytes 
secrete enzymes that digest the cartilage and destroy it, leaving large areas of erosion. 

Figure 2,3 shows a comparison between a healthy joint and one showing characteristics 
observed in rheumatoid arthritis. 

Figure 2.3: A healthy join! (A) and one showing the characteristic changes observed in rheumatoid 
arthritis (B) 
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.Source: Target Rheumatoid Arthritis, 1997. 
2,4.3 Epidemiology 

Rheumatoid arthritis is a common disease which affects 0.8- LOW of adults. The prevalence 
is higher in women (the female:ma.le ratio being 3:1) and is similar worldwide. The onset of 
the disease commonly occurs between the ages of 40 to 60 years although it can 
make its presence known at any age (see www.duq.edu/PT/rheumatoid 
arthritis/BackgroundOlTheDisease.html). In the US, there are an estimated 2.4 million cases 
and the annual incidence is reported to be 48 per 100,000 of the population (see 
www.aztec.co.za/users/drdoc/ra.html). 

Brook* (1998) suggests that the incidence of the disease may be decreasing because, in the 
UK. the prevalence of rheumatoid arthritis in women aged 45-64 years decreased from 2.5' ; 
in 1958-1960 to 1.2** in 1990-1992. Similarly, the age-adjusted incidence among the Pima 
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Indians of south western US fell from almost 12 per 1,000 per year in 1966 1973 to 5 per 
1 ,000 per year in 1 983- 1 990. 

Rheumatoid arthritis is an extremely disabling disease and carries a high mortality. Even with 
drug therapy, up to 7% of patients are disabled 5 years after the onset of the disease and 50% 
are too disabled to work after 10 years (see phanninfo.com/pubs/msb/rehuman.html). 

2.4.4 Genetics 

There is a familial component to rheumatoid arthritis and it often occurs in several members 
of the same family <5-10% of cases) rherc u sociation will Ml \ D! en in o 
of cases (Kumar & Clark, 1990). However, although this gene occurs in about 20-30% of the 
population, only W< develops rheumatoid arthritis. This is because these inherited genes are 
susceptibility genes, that is, ones that make an individual more susceptible to the external 
trigger to the disease but do not indicate that the onset of the disease is inevitable (Target 
Rheumatoid Arthritis. 1997 >. It is also sporadic, there being no family history. 

2.4.5 Clinical symptoms 

Rheumatoid arthritis usually presents with the symptoms of pain and stiffness in the small 
joints of the hands and feet. In 25% of cases, a single joint, for example, the knee is affected 
at the time of presentation. In about 10% of cases the onset is sudden and severe (acute 
onset), in 20% the disease develops over a few weeks (sub-acute onset) and in 70% the 
symptoms develop slowly (insidious onset). Rheumatoid arthritis can affect all joints but is 
much more common in the hand and wrist (80-95% of people with the disease) while hip. 
jaw and elbow joints are affected in only 20-50% of eases (Target Rheumatoid Arthritis' 
1997), 

2.4.5.1 Diagnosis 

The diagnosis of rheumatoid arthritis requires that a complete patient history should be taken 
and a physical examination should be carried out. The American College of Rheumatology 
(ACR) has specified seven clinical criteria and stipulates that at least four of them must be 
present for a diagnosis to be established. The first (our criteria must have been present for at 
least 6 weeks. 

• Morning stiffness lasting longer than 1 hour 
» Soft tissue swelling in a hand joint 

• Soft tissue swelling in at least three joint groups simultaneously (proximal 
interphalangeal. metacarpophalangeal, wrist, elbow, knee, ankle, metatarsophalangeal; 

• Symmetrical swelling in one joint area 

• The presence of rheumatoid nodules (swellings under the skin) 

• Rheumatoid factor positive 

• l> > ' 1 1 i i - ges to hone in the wrist or hands 
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The disease frequently presents in the metacarpophalangeal joints or the metatarsophalangeal 
joints and wrists and the joints are hot and swollen and tender to the touch. Morning stiffness 
is a common sign. 

The clinical diagnosis is supported by blood tests and X-rays. The major blood tests used are 
the erythrocyte sedimentation rate (HSR) and C-reactive protein. These tests are general 
markers of inflammation or infection and not specific to rheumatoid arthritis. If they are 
raised, coincident with the appearance of inflamed and swollen joints, then rheumatoid 
arthritis is the likely explanation. An X-ray may not be useful in the earh stages but. 
nevertheless, up to 30% of patients will have erosions suggestive of rheumatoid arthritis at 
the start. 

The rheumatoid factor test can confirm the diagnosis in sonic instances but can be 
misleading. Rheumatoid factors are antibodies to the Fc portion human immunoglobulin 
which are found in 75-85% of rheumatoid arthritis patients but also in 1-5% of the general 
population. They are therefore not fundamental to the diagnosis. However, a high rheumatoid 
factor is a marker of more aggressive disease {see www.az.iec.co.za/users/daloe/ra.html) and 
is a more valuable diagnostic factor if it is high in a young person. 

2.4.6 Stages in the development of rheumatoid arthritis 

The development of the disease can be divided into three overlapping stages: 

» The inflammatory stage which is characterised by pain, swelling, stiffness and early bone 
loss (a period of a few months to a few years). The synovium shows evidence of a chronic 
inflammatory reaction and there is infiltration of lymphocytes, plasma cells and 
macrophages 

» The proliferative stage in which the synovium and tendons around the joint thicken and 
form an invasive pannus (a tumour-like mass) 

• I he destructive stage in which cartilage and bone are eroded, the joints become unstable 
and may dislocate resulting in characteristic deformities. The pannus tissue and the 
synovium now contain a variety of cell types. These cells release digestive enzymes that 
break down cartilage and bone 

These stages of development are summarised graphically in Figure 2.4, 
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Figure 2.4: Stages in the progression of rheumatoid arthritis 
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Once cartilage has been lust, the damage cannot be reversed and progression of the disease is 
inevitable. Eventually, the inflammation will subside and the symptoms chanue to nam later 
in the day and less morning stiffness. Once the joints have become deformed, the' patient's 
ability to Junction deteriorates accotdmgk. 
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2.4.6.1 Articular disease 

Involvement of the hands and wrists is common as is that of the elbow and shoulder, knee, 
ankle and foot. The hip is seldom involved in early rheumatoid arthritis but may be affected 
later. Similarly, she cervical spine becomes important in long-term disease affecting the 
atlanto-axial joint. 

The joint sites affected in established rheumatoid arthritis are shown in Figure 2.5. 

Figure 2.5: Involvement of joint sties in established rheumatoid arthritis 
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2.4.6,2 Extra-articular disease 

Rheumatoid arthritis is systemic in nature and affects not only joints, but also almost any 
other organ and it can be responsible for a whole range of malfunctions. These include: 

• Haemato 1 ,< 1 i j 

• Pulmonary disorders (pleuritis/pleural effusion, pneumonitis, pulmonary nodules, 
interstitial lung disease) 

• Cardiac involvement 

• Neurological problems (compressed neuropathies eg carpal tunnel syndrome) 

• Vasculitis 

• Rheumatic nodules 

• Skin disorders 

• Ocular involvement 

• Renal disease (more related to therapy for the arthritis itself) 

Non articular manifestations of rheumatoid arthritis are indicated in Figure 2.6. 

Figure 2,6; Non-articular manifestations of rheumatoid arthritis 
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2.4.6.3 Prognosis 

The prognosis depends on a number of factors, including the severity of the disease at the 
start, whether a high titre of rheumatoid factor is present, whether the patient has the gene 
HLA DR4 and whether the patient is a woman. It can cause severe disability in about 5% of 
cases and for these people life expectancy is reduced. Treatment helps to slow the rate at 
which disabilin develops (hi eb k~pgardii h hum 

2,4.7 Management of rheumatoid arthritis 

Rheumatoid arthritis carries significant morbidity and mortality and because disease 
progression is rapid in the early phases (van der Heijde et al. 1992) it needs to be treated 
aggressiveh from the outset. Since there is no cure for the disease, the aim of its management 
is to achieve complete remission with cessation of fatigue, relief of pain, prevention of 
deformity and maintenance of normal function (American College of Rheumatology Ad Hoc- 
Committee on Clinical Guidelines, 1996). The approach to disease management is 
summarised in the algorithm shown in Figure 2.7. 
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Figure 2. 7: The approach to the management of rheumatoid arthritis 
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drugs that slow joint destruction and reduce disability, disease-modifying antirheumatic drugs 
(DMARDs) are given immediately. NSAIDs have no effect on the disease in the long term 
but are important in providing relief o! symptoms, particularly at the outset while waiting for 
DMARDs to take effect. Analgesics such as paracetamol also play a role in relieving pain and 
assist in reducing the dose of NSAIDs, Corticosteroids are still used in the management of 
rheumatoid arthritis in certain situations. 

Further to these established therapies, new medicines to control the destructive stage of the 
disease are now reaching the market (see Chapter 4). 

2.4-7.1 Drugs to relieve pain 

All rheumatoid arthritis Miff r exr* ence some pai . and its management is an important 
part of the treatment of the disease, NSAIDs are often satisfactory for pain relief but in some 
instances adi in I i algesics are required, particularly whe < i > effects are a 

problem. Simple analgesics such as paracetamol and codeine relieve the pain but are without 
ami inflammatory activity. However, combined with NSAIDs means that the NSAID dose 
can be reduced. 

2.4.7.2 Drugs to control the inflammatory response 

NSAIDs are generally the first drugs used in the treatment of rheumatoid arthritis. They 
interfere with the synthesis of PGs and related substances by inhibiting the COX enzyme (see 
Chapters 3 and 4). These anti-inflammatory drugs do not change the course of the disease 
itself but they are used to control the symptoms. They reduce joint inflammation, pain, 
swelling and the lever accompanying the disease. 

NSAIDs include aspirin, ibuprofen, indomethacin. ketoprofen, naproxam and a number of 
newer agents (see Chapter 3). They belong to different chemical classes and their properties 
depend on the way in which they are absorbed, metabolised and excreted by the body. 
Furthermore, tolerance to NSAIDs differs between patients and the appropriate NSAID must 
be found to suit the individual. 

The main problem with NSAIDs is their effect, to a greater or lesser de°ree. on the 
gastrointestinal tract where they may promote the development of gastric erosions and 
ulceration. The way in which this can be overcome is to use them in combination with a 
gastric mucosal barrier protector eg misoprostol (Cytutec). Other serious side effects of 
NSAIDs are renal toxicity, liver damage, increased fluid retention, rashes and 
photosensitivity. The extent to which these effects manifest themselves depends, as indicated 
above, on the drug and on the individual patient. 

NSAIDs are discussed further in Chapter 3. 

2.4.7.3 Drugs to alter the disease process 

Linlike NSAIDs which treat the symptoms of the disease rather than the cause, DMARDs are 
able to establish remission, although they are not able to reverse the disease process,. They do 
not relieve pain but can reduce or prevent joint damage and mainu inn . nd fm ction in 
as many as two-thirds of patients (American College of Rheumatology Ad Hoc Committee 
on Clinical Guidelines, 1006). 
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These drugs are a mixed group which act by different mechanisms and have different side 
effect profiles hut the\ all have the ability to modify the disease process to a greater or lesser 
extent. Some drugs are more effective than others aud increasingly, some patients are treated 
simultaneously with two or more DMARDs (see Chapter 3). They may also be treated 
concurrently with NSAlDs and corticosteroids. 

Since joint erosion occurs quickly after disease onset, many rheumatologists prescribe 
DMARDs early and an aggressive approach is now considered appropriate. Early 
intervention before joint damage occurs provides a better chance of inducing remission and 

preventing permanent joint destruction and disability. In general it takes 2 3 months for 

DMARDs to take effect and their benefits often do not become evident until after 6 months. 
Further to this, these drugs are potentially toxic and there are side effects to consider. 
Consequently, each patient must be carefully monitored. The medication also needs to be 
given continuously, otherwise Hares occur within 1-2 months of stopping the drug. The aim 
of therapy is to establish remission not to cure the disease. 

DMARDs commonly used in the treatment of rheumatoid arthritis are listed in Table 2.1 
Further information about these drugs can be found in Chapter 3. 

Table 2,1: DMARDs and their effectiveness 



Drag Effectiveness 



Myoe ,_o a i a.o.w 


bi'iecuve hut probk'iii.Uk vide cflccts 




\u , (oral 1 1 


Less effective when used alone 




PouulL-airx. (IV r 


Effective 


ut has problematic side effects 




Methotrexate 


Definite e 


•idence thai it helps 






Reasonuhi 


e response with rheumatoid arthriti 




1 CI UHlill) 


Usually re 






Cyclosporin 


A good an 






Sefpius ... i it. s r • ■ 1 s 


Good evid 


:nce that it helps 




Chloroquine 


Less el'Sec 


ive when used alone 




Hydroxychloroqii ... iu i I'liiqucnifl 


Less et'f'cc 


ive when used alone 





Source: Derived from information m-mlahie on http://*ax\weh.c».uk~p):urdmer/ra arlhJmri 



A new DMARD, lellunomide, launched as Arava in September 1 ( WS, is the first DMARD to 
be launched for the treatment of rheumatoid arthritis for a decade. It is claimed to delay 
structural joint damage as backed by X-ray evidence (see Section 4.2.1.1). It will be 
interesting to see how this drug, is received in the clinic. 

The choice of DMARD vanes depending en the patient and on the severity of the disease. 
Met.hotrex.ate is the most widely used regimen because it has a rapid onset of action (3-4 
weeks) has a good safety profile and is more beneficial in synovitis. Sulfasalazine is another 
DMARD with a good safety profile. It is widely used in ulcerative colitis and is gaining 
popularity for the treatment of rheumatoid arthritis, particularly in Europe. Oral gold is betfer 
tolerated than the parenteral form but is less effective. It appears to be more appropriate for 
patients with mild to moderate symptoms. Plaquenil (hydroxychloroquine) is used for 
patients with ! i owly ; ss _ >, < tnd the antirm soli a/aihtoprine is used 
mainly for patients with progressive disease that has failed to respond to either methotrexate 
or gold. Cyclophosphamide and cyclosporins- are effective DMARDs but have serious toxic 
effects. Their use may be restricted to patients who have tailed on other DMARDs (see 
Section 3.2). 
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2.4.7.4 Combination therapy in rheumatoid arthritis 

DMARDs often lose their effectiveness over lime and combination therapy is increasingly 
seen as a way of overcoming this. In fact, there is now apparent universal acceptance for 
combination DMARD therapy for the treatment of rheumatoid arthritis (O'Dell et al, 1997a), 
This approach is discussed further in Section 3.2. 

2.4.7.5 Corticosteroids 

Corticosteroids are still commonly used in the management of rheumatoid arthritis and will 
slow the rate of joint erosion when used as a low-dose regimen. Thev may be given orally, 
either as continuous background therapy or as a short course of a rapidly decreasing dose for 
counteracting disease Hares or as an oral pulse dose of lOOmg Ig. Alternatively, they may be 
given parenteral!}- as an intra-articular injection into an inflamed region or as intravenous 
pulse tlk J i i flare < 1 n ch reatmer i ■ «r m< en DMARi h 

The use of corticosteroids is beneficial but limited by their long-term side effects. These 
include weight gain, bruising, fluid retention, .susceptibility to injection, diabetes and 
osteoporosis. The incidence of injection is significantly increased even at relatively low 
doses. Further information about the use of corticosteroids for this indication is given in 
Section 3.3. 

2.5 Some other types of arthritis 

2.5.1 Gout 

Gout is the most common cause of inflammatory joint disease in men over the age of 40 
years (Nuki, 1998). U affects die joints of the feet, especially the big toe but other joints are 
also frequently involved. It occurs mostly in men and is due to the deposition of excess uric- 
acid in the tissues and blood. Crystals of uric acid deposited in the joints cause inflammation 
and severe pain. Although there is a genetic component to the disease, environmental factors 
such as diet, obesity, alcohol consumption and the use of diuretics are important 
compounding factors. The major determinant of risk for developing the disease is excessive 
levels of uric acid in the blood stream (Nuki, 1998). 

Management in the short term involves the use of NSAfDs (except aspirin; followed by 
allopurinal (a xanthine oxidase inhibitor) for long-term prophylaxis (Nuki, 1998). 

1.5.2 Ankv losing spnmh litis 

This condition affects primarily the spine or back. The joints and ligaments that support the 
spine become inflamed and stiff and the bones of the spine may grow together so that the 
spine becomes rigid and indexible. Other joints may also be involved, particularly the hips, 
shoulders, knees and ankles and the heart, lungs and skin mav also become affected (Calin, 
1998). 

Ankylosing spondylitis occurs more often in men than in women with a ratio of 2.7:1. In 
women it is more likely to involve the peripheral joints while men may have more severe 

spinal disease (Calin. 1998). Among Caucasion individuals. 0.2 1.0% are aflected with the 

disease (Calin, 1998). 
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There is a genetic component to the disease with approximately one in five of (hose affected 
having a relative with the same disorder. A gene known as HLA-B27 is present in 6-14% of 
Caucastons and about 95% of those with the disease (Calin, 1998). 

The disease is noi fatal and provided that it is not left untreated few people with the disease 
become severely disabled. NSAIDs are indicated for disease managen nt tog r w ith daiij 
exercise and genera! fitness. 

2.5.3 Psoriatic arthritis 

This is a type of arthritis seen in people with psoriasis or with a family history of psoriasis. 
Five to eight percent of mdh (duals with psoriasis develop one of several different patterns of 
arthritis which is typically less severe than rheumatoid arthritis and more limited in 
distribution. NSAIDs and analgesics and sometimes, corticosteroid injections, are used to 
control the pain but when the disease is more severe, methotrexate or cyclosporin are given, 
because they control both the skin lesions and the arthritis. The prognosis is good and usually 
there is only minimal joint impairment. 

2,6 The economics of arthritis 

The economic costs of osteoarthritis are considerable. In the US alone, it is anticipated that 
1 e 'A. of gross national product (GNP) will be used for the treatment uon-m t .ik > 

2000 (Lohmander <>? al 1996). 

The nio-t recent comprehensive economic study of arthritis in the US by Yelm and Callahan 
(1995s reported the cost of arthritis in the US (including rheumatoid arthritis, osteoarthritis 
and all other rheumatic conditions) »o ^e V>4 <S bdli >n '902 Ot thi i l.e cos •> w, u 
estimated at $15.2 billion and indirect costs as $-19.6 billion. The cost of rheumatoid arthritis 
alone was estimated at up to $14 billion per year (see Callahan, 1998). 

The cost of illness can be divided into three components: direct costs, indirect costs and 
tangible costs. Direct costs usually refer to medical care but. can also include expenditure for 
acni.s Mich as adaptation of the home environment and transportation costs. Indirect costs arc 
commonly calculated as the costs due to lost wages resulting from a reduction or cessation of 
work. Intangible costs are those derived from loss of function, increased pain and reduced 
quality of life. They cannot be given a financial value. 

A study reported by Lanes er a! (1997.) assessed the cost of care for both osteoarthritis and 
rheumatoid arthritis patients in a managed care population in the US. Costs were estimated 
using Medicare reimbursement schedules and average wholesale prices for prescription 
drugs. The total direct cost of care for rheumatoid arthritis was $703,053 amonsz 325 person 
years contributed by 365 rheumatoid arthritis patients. The average individual cost was 
$2,162 per year. Of this, 62% was attributed to prescription medicines, 2195 to ambulatory 
care and 169; to hospital care. 

The total cost of care for osteoarthritis was 54. 728.425 in 8,71 1 person years contributed by 
10,1(31 osteoarthritis patients with an average individual cost rate of $543 per year. The 
largest component was hospital care (46%) with an average cost of $249 per person-year, 
mostly due to admissions for hip or knee replacement. Arthritis-related prescription drugs 
comprised 32% of the total cost ($173 per person-year) and ambulatory care 22%. The care 
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of osteoarthritis is not expensive on a per patient basis, but the prevalence of the illness is 
high, which equates to a high cost to the provider. 

Detailed studies of the early 1990s showed that the annual cost of rheumatoid arthritis in the 
UK was approximately $620 million (£380 million) for healthcare services. SI 00 million 
{£60 million) for laboratory tests, and $65 million (£40 million) for medicines. Adding 
indirect costs (loss of income, benefits, social services costs and inflation) brings the present 
day's annual bill to the region of $1.6 billion (£1 billion) per year (Targe! Rheumatoid 
Arthritis, 1997). These estimates are based on a study by Mcintosh (1996), described lurther 
below. 

The total cost of rheumatoid arthritis in England in 1992. was estimated by Mcintosh (1996) 
lo be S2.1 billion (£1.26 billion). Of this. $990 million (£604.5 million)' or 48.1% of total 
costs, was direct costs (Mcintosh. 1996). The indirect costs, measured as lost productivity 
due to morbidity, was estimated at $1,067 billion (£651.5 million), 51.9% of the total costs. 
These costs are broken down as shown in Table 2.2. 



Table 2.2: Total economic impact of rheumatoid arthritis in England, 1992 



Direct costs 


Com ($) 


Cost (£) 


mi) i , 1 service utihsu 






GP surgery visits 


24.422,908 


14,917.512 




63.(590,237 


38.90!. 997 


Home-help costs 


98.930,399 


60.426.6SS 




i 36.220,0 1 3 


S3. 203. 184 


Hospital days 


279,554,705 


170.752.014 


Total 


602.818.262 


368,201.395 


Drug costs 


58.427.539 


35,687,541 


Management of toxicity 


95.214.515 


58.157.026 


Aidstmiuhs :n private households) 


17.753.846 


10,844,049 


Adults in communal establishments 


215,368.433 


i 3 1,547,039 


total direct costs 


989,582.597 


604,437.050 


Indirect costs (lost earnings) 


1,066.575,471 


651,464.298 


Grand total 


2,056,158,068 


1 ,255.901, .348 
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Annual direct costs of rheumatoid arthritis in the Netherlands during she first 6 years of the 
disease were estimated by Van Jaarsveld et a! (1998). The study was aimed at ascertaining 
whether annual cost altered with met me d s tin I'he stud population was 424 
rheumatoid arthritis patients who had participated in a population-based trial on therapeutic 
strategies for early rheumatoid arthritis since 1990 and were not lost to follow-up in April 
1996. A total of 363 questionnaires were analysed. The mean annual direct cost due to 
rheumatoid arthritis was estimated to be S5.722 (DO 11.550) per patient. Medical costs 
accounted for $3,071 (DO 6.198) (55#) and non-medical costs for $2,651 (DO 5.352) i45'3- >. 
Seven cost categories were distinguished as shown in Table 2.3. The costs indicated are an 
average for all patients studied. 
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Annual direct cost of rheumatoid arthritis per patient within the first 6 years of disease 
duration - a Netherlands study 



Cos! category 


Cost ($) 


Cost (I)fl) 


Contact with healthcare worker. 


! .050 


2.120 




1 .250 


2.524 


Medication 


562 


1.135 


Monitoring of side effects 


152 


307 


Alternative medicine 


55 


112 


Adaptations in the home and devices 


! .860 


3.755 


Other costs, 


791 


1,597 


Medical costs 


3.07 1 


6,198 


Non ■medical tests 


2.651 


5.352 


Toiai direct costs 


5,722 


[1,550 



Source: Derived from information given m Van MwsveUcl al, 1998. 

Total mean direct cost was $7,162 (Dfl 14.455) in the first year of the disease, decreasing 
slightly in the following years but after 4 years, the direct medical costs increased a" tin in 
$5,528 (Dfl 1 1,158) per patient in the sixth year. 

A summary of lour studies, conducted in the US, between the late 1970s and the mid-1980s, 
published by Callahan (1998) and updated lo 1990s values, estimated the annual direct costs 
of a rheumatoid arthritis patient to be an average $6,000 in 1 M<K) dull 'as Hospitalization rates 
accounted for 40 60fr of direct costs. 

Yelin (1996) used similar data to determine the average annual medical care costs among 
patients with rheumatoid arthritis and updated the estimates to 1994 terms. He estimated costs 
as $4,328. 50-,' of whtch ($2,188) was due to hospital admissions (costs are summarised in 
1994 dollars). DMARDs and NSAIDs each accounted for about ,v, ($323 and $305 
respectively) of the total rheumatoid arthritis-related costs. The absolute induce! costs ueie 
estimated to be $3.98 billion. 

A Canadian study of direct and indirect medical costs incurred by patients with rheumatoid 
arthritis revealed annual direct costs of $2,514 ($3,788. 1994 ( anadian dollars! m the late 
1980s and $3,091(54.656, 1994 Canadian dollars) in the early 1990s (Clarke ct al. 1997). 

A summary of the costs of rheumatoid arthritis derived in these studies is shown in Table 2.4. 



Table 2.4: The costs o f rheumatoid arthriti 



.Study 


% per patient per annum 


Country of study 


Lanes et al (1997) 


2.162 


US 


Van Jaarsvc)drt<i/( 1998) 


5.722 


Netherlands 


Callahan f 1 008 i 


6.000 


US 


Yelin 1 1996 s 


4.328 


us 


Clarke el ai (1997) 


3.09! 





The cost to society of arthritis is considerable in all these countries. Any means of reducing 
its effects could have a major influence on the health of the population and the cost of health 
services. 



Table 2,3: 
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CHAPTER 3 
ESTABLISHED DRUG THERAPIES 

The two categories of drugs used to treat osteoarthritis and rheumatoid arthritis are NSAIDs 
and DMARDs. These drugs were described briefly within the context of disease management 
in Chapter 2. The present chapter provides more detailed information and also refers briefly 
to other drugs which are used to manage these two diseases. 

3.1 NSAIDs 

Aspirin can be looked upon as the founder member of the group of drugs known as NSAIDs. 
It was introduced as an anti-inflammatory agent in 1899 but it was to be more than 50 years 
before powerful and effective alternatives became available. A breakthrough came in the 
1960s when Sir John Vane and his colleagues discovered the mechanism of action of aspirin 
(Vane, 1971). They demonstrated that it blocks COX, the key enzyme in the synthesis of 
eicosanoids pro ig] ndins and related substances) from arachidonic acid. As discussed in 
Chapters 1 and 2, these are some of the agents involved in the process of inflammation. 

The discovery of COX led to the development of a wide range of different NS AIDs and these 
drugs now probably constitute the most frequently prescribed class of drugs (for any 
indication). They can be classified into several groups as shown in Table 3.1. The main 
difference between them is the incidence and type of side effects; the difference in anti- 
inflammatory effects is small and dependent on the patient. There are also differences in half- 
life; some have only a short half-life (aspirin, diclofenac, ibuprofen) while others are long 
acting (oxaprozin, piroxicam, diflunisal). These characteristics will naturally influence the 
choice of drug. 

Table 3.1: Classification of NSAIDs 



Comment 



Oarboxylic 



Carbo and 
heterocyclic 

acids 



Diclofenac nth action and 

side effects 

Diclofenac topical Diclofenac gel - an external formulation with a 

high degree of activity via the percutaneous route 
N : irostol + Launched as Arthrotec, a fixed combination of 
diclofenac misoprosu 50rog) a clofcnt (0.2mg) for 

patient.-, with arthritic at Jisk oi gastrointestinal 

Alcofenae Similar to naproxen with respect to both action and 

side effects 
Aeeeiofenao i 

compared with other NSAIDs. Twice-daily dosing 
Indomethacin Its action is at least equal to that of naproxen but 

has a high incidence of side effects (heauaehc, 

dizziness, gastrointestinal disturbances) 
Glucamethacin An indomethacin derivative launched as Teoremac 

in Italy 

Sulindac Simitar in tolerance to naproxen 

Tolmetin Comparable in effect to ibuprofen 

lac Compar.' , roxen h side effects 

comparable to those of ibuprofen 
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Salicylic acids Aspirin 



Benorylatc 
I'rone ear acid Ibuprok-n 



Dexibuproten 
Fenbufen 
Ketoprofcn 
I : enoprofen 

Flurbiprofen 
Loxoprofcn 
Naproxen 



Tiaprofenic . 
.Vleeknemun 



Comment 

Traditional!}' firsi choice bui mm XSAlDs are 
prescribed which arc better tolerated and more 
convenient for the patient 

i ere el c e i 

kx v «. 1 • a ac en- es. Has a 
long duration of action winch allows twice-daily 
administration 
Aspirin- paracetamol ester 

Ibuprofcn has fewer side effects than other XSAlDs 
ii ' imatory p ties are weaker 
>oses of 1 .( i | i 

The S-t +pisonaer of ibuprofcn which is expected to 
be associated with fewer side effects than ibuprofcn 
Claimed to be associated with less gastrointestinal 
bleeding but there is a hash risk of rashes 
1 i ii uiii nli 
uprofs ■ i t ide effects 



lghti> 



Siii , ' i , 

flurbiprofen pa .. u u nc hed in Japan 
Equipotent with mdoraethacin but possibly fc\ 
side effects 
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arthri 



i b la 



omhu 



la'a. , . 

side eft. 
Oxapro 



or> activity. It ha* fewer gastrointestinal 
s than naproxen sodium 
t is a lon»-aumg. once-daily X.SAID. It o 
e as ibuprofcn but skin rash and 
stinal complaints at 
long half- life, n takes s< 



a result 
il days to reach a 



steady : 

Melfcatve as naproxen hut has more at I ' . 

anti-inflammatory anthranilic acid derivative, 
related to roefenaimc and flufenamie acids 
Gastrointestinal blood loss appears to he ics. 

i i i isp rui 

An analgesic with minor ami inflammatory 
properties. An additional side effect is diarrhoea 
and occasionally haeniolytic anaemia 
As effective as naproxen and has a prolonged actio 
permitting once -daily administration. It has more 
gastrointestinal side effects than ibuprofcn. 
!> " s i e is the p iroxicam, i 

is also a once-daily therapy 
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Class Subclass Drug Comment 





Meloxicam 


The tokrabiluv of mclc» 

to the preferential inhibition of COX -2 over COX- 
1. However, its claim to true COX-2 specificity has 
been i hall z , i ivd .... v .o < 




Teonxicam 


S :n , j i L i, i < . . jiuncn It has 

1 1 !_ M 1 1 . i k .s ] 

Short half-lite, well tolerated but some 
pistroimcstinitl stile effects 


No;) -acidic 


Nabumeione 


Compurabic in effect to naproxen 


Compounds 







NSAIDs are effective in decreasing the inflammatory response and relieving the pain 
associated with arthritis but have little or no effect on the disease process. Thus with respect 
to rheumatoid arthritis, they treat the symptoms (ie pain and inflammation) but are unable to 
prevent joint destruction or organ damage. 

3.1.1 Side effects of NSAIDs 

The major disadx antage of NSAID therapy is the tendency of these drugs to damage the 
lining of the stomach, leading to ulceration and on occasions to severe bleeding. The minor 
side effects of these drugs include abdominal pain and vomiting. A study reported by Ramey 
et al (1996a) evaluated the event rates for all NSAID-induced complications in 1 .92 1 patients 
with rheumatoid arthritis using data from eight ARAMIS (Arthritis. Rheumatism and Ageing 
Medical Information System) centres. Information on gastrointestinal complications 
attributed to NSAIDs was obtained from validated patient reports every 6 months, 
supplemented by the review of hospital records (where patients were hospitalised). 
Approximately 15% of patients reported a NSAID-induced gastrointestinal side effect during 
the 2.5 years of observation and 42 patients had a serious gastrointestinal event which 
required hospitalisation. 

Gabriel and Bombardier (1990) estimated the absolute risk of gastric ulceration as 
approximately 20%. In their study, the absolute risk for hospitalisation for serious 
complications was between 0.2% and 4%. 

3.1.1.1 Differences in gastrointestinal toxicities of NS AIDs 

Significant differences in the gastrointestinal side effects of various NSAIDs were found in a 
long-term US study presented at the British Society of Rheumatology meeting in Brighton. 
UK, in April 1998 (Scrip 2335, 15 May 1998 p27j. Serious gastrointestinal toxicity was 
defined as gastrointestinal bleeds and other clinically significant events requiring 
hospitalisation, it was studied for 16 NSAIDs in 9,578 courses (19,289 patient-years). The 
data, which were collected by the ARAMIS database, are shown in Table 3.2. Serious 
gastrointestinal events were most frequent with meclofenamale, indomethacin, fenoprofen, 
piroxicam ( Pfizer \s Feldene) and flurbiprofen but were not seen with nabumetone 
(SmithKline Beecham's Relafen) and etodolac. 
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Table 3.2: Gastrointestinal toxicity ofNSAlDs 



Drug 


Patient-years 


Serious 
gastrointestinal event 
per 100 patient yean. 


Incidence per 100 
v patient-years 


Nabumctonc 


221 


0 


0.00 


Etodolac 


88 


0 


0.00 


Salsalate 


431 


4 


0.68 




1,449 


12 


0.93 




1 ,042 


12 


0.93 


Ibuprofen 


1 ,999 


19 


0.94 


Ketoproier. 


506 


? 


0.96 


Aspirin 


6,201 


74 


1.13 


Naproxen 


3,364 


38 


1.20 


Tolmetin 


484 


7 


1 .23 


flurbiprofen 


251 


4 


1.24 


Piroxicam 


1 .592 


24 


1.39 


Fenoprofen 


34? 


8 


1.96 


Indomethacm 


968 


28 


2.96 


Meciofenurnatc 


297 


13 


3.53 



Source: Scrip 2335, 15 May 1998 p27, 

Note: Incidence per 100 pattern-years was adjusted for confounding risk factors, except in the a 
nabumetone and etodolac, where no serious gastrointestinal toxicity was observed. 



The toxicity index showed, thai aspirin, salsalate and ibuprofen were the least toxic and 
mecloi'enamate and indomethacin the most toxic NSAIDs. This studv has also been reported 
by Fries (1996). 

3/1.L2 Methods of reducing the side effects of NSAIDs 

Much effort has been devoted to reducing the undesirable side effects of NSAIDs on the gut. 
The approaches that have been used are summarised in Table 3.3. 

fable 3.3: Methods used to reduce the gastrointestinal side effects of NSAIDs 



Method 

Sp.Vid'A , 



The development of drugs 
that deal aomach ilceo th it 
ear) be taken together with 
NSAIDs and tablets 
containing a combination of 
NSAIDs with a substance 
which protects the stomach 

More selective drugs that 
only block COX- 2 



Soluble, coaled or slow ■rctea.se forms of, for example. e . i 

flurbiprofen, ibuprofen and indomethacm are a\ isl; nk with impt 

» I *t > t i mi rvolvcd nc tide Knoll 11 I ilh Napp Novani- 

A combmat f i t t o »! do p ti 

stomach against the Icei i<ju< lg etton o naproxen \ reduction of 40% i 
stomach complications has been reported. The product is marketed by Searle 

Searle has extended this approach to the development of a combination of 

' < " *' "s t ' i I 1 it to \\ } I [- 

product, the risk ol stoi it luced by up to tw< 

thirds compared with dicloieiiae alone 

The search has begun for selective COX-2 inhibitors and these druses are now 
arrivsng on the marker (see Section 4, 1 s. One NSA1D, mcioxieam. developed 
lSoehrmec l:\gelheirn. appears, to inhibit COX 2 at l.»v.ei uaKcitratiom than 

I OX ' ,u e % S II, islt 

' 
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Misoprostol (Cytotec) is a synthetic analogue of PGEj which protects the gastroduodenal 
mucosa against numerous aggressive factors. It acts in a similar manner to PGE, to increase 
mucus and bicarbonate secretion and to increase mucosal blood flow. It also inhibits acid 
secretion by acting on the parietal cells (acid secreting cells). 

Misoprostol replaces natural PGs that are suppressed by NSAIDs, thus protecting the gastric 
mucosa from injui 

Searle's diclofenac/misoprostol combination product, Arthrotec, has now been launched in 
the US for the management of osteoarthritis and rheumatoid arthritis in patients at high risk 
of gastrointestinal ulcers. The product was first launched in Canada and Europe in 1993 and 
is now available in over 40 countries including the UK. Germany, Sweden, the Netherlands 
and Canada (Scrip 2298, January 1 998 pi 8). 

Studies show that Arthrotec therapy has a 65-80% lower incidence of NSAID-induced ulcers 
when compared with other NSAID therapies, including ibuprofen and naproxen. The 
effective dosing level is 50mg or 75mg diclofenac sodium/200u» misoprostol taken once or 
twice daily. Searle filed a new drug application (NDA) for Arthrotec in January 1996. The 
FDA required US clinical trials and did not accept European registration trials, which 
accounts for the time gap between the US and overseas approvals. 

An important development in the progress of NSAID research was the. discovery of two 
isoforms of the COX enzyme, a constitutive form and an inducible form which is present 
only in injured and inflamed tissue (see Chapter 1). It is now known that inhibition of COX- 1 
accounts for many of the side effects of the NSAIDs, in particular their gastrointestinal 
toxicity, and it is the inhibition of COX-2 that produces the anti-inflammatory response. The 
s t o i shed NSAIDs do not distinguish between the two isoforms of the enzyme and 
therefore, pharmaceutical research has been directed towards the development of COX 
inhibitors that selectively inhibit COX-2 but have no effect on COX- 1. The progress being 
made in this area is discussed in Chapter 4. 

3.1.2 COX selectivity of current NSAIDs 

The COX- 1 /COX-2 selectivity of some widely used NSAIDs was examined by Cryer & 
Feldman (1998) in 16 healthy volunteers. They showed that some NSAIDs (eg flurbiprofen 
and ketoprofen) were COX-1 selective, some (eg ibuprofen and naproxen) were essentially 
non-selective and others (eg mefenamic acid and diclofenac) were COX-2 selective. 
However, even the so-called COX-2 selective agents still had sufficient COX-1 activity to 
cause potent inhibition of gastric PGE synthesis at concentrations achieved in vivo. Their 
study emphasises the point that, among the established NSAIDs, there are no truly selective 
COX-2 inhibitors. 

3.1.2.1 The debate regarding meloxicam 

Boehringer ingelheim claim that the NSAID. meloxicam (Mobic), is a more selective 
inhibitor of COX-2 than COX-1 and so should, in theory, have a better side effect profile than 
NSAIDs which inhibit both COX-1 and COX-2. The company has submitted a US approval 
application for Mobic. for the treatment of osteoarthritis, claiming it to be a selective COX-2 
inhibitor and therefore to have less gastric toxicity than other NSAIDs. However, other 
companies claim that, it is not a true selective COX-2 inhibitor (Scrip 2400. 6 January 1999 
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p22) and it has been suggested that the product may actually be a COX-2 preferential 
inhibitor' rather than a true COX-2 selective inhibitor (Scrip 2286, 21 Novemb. i I W> j 20) 

Two major, recently published studies, MELISSA and SELECT, suggest thai, nevertheless, 
meloxicam does have bet ?r gasiroi i j s naJ tolerabilii th i oih SvSAIDs S rip <\ n 
October 1998 P 22). In these two trials, which are the largest prospective double-blind'tVuK ol 
NSAID tolerabihty in osteoarthritis to date, meloxicam was compared with diclofenac and 
' icam.lhei ilt.M VII-1JSSA, involving more than 9.000 patients in 27 countries and 
SELECT, .r:\ohim. more than 8,500 patients in 12 countries were published recently by 
Hawkey et a! (1998). Their findings support the preliminary results from the trials which 
were reported last, year at the International League against Rheumatism in Sincapore (Scrip 
2258, 15 August 1997 pi 8). ' 1 

In the Ml [ 1SSA studv oaiierifs v\ere randomised to either 7.5mg of meloxicam or lOOmg of 
diclofenac sustained release, administered once daily for 28 days. Patients on meloxicam had 
*2<< iewe , V, versus 19<7r. p<0.001) gastrointestinal adverse events (including dyspepsia, 
nausea, vomiting, abdominal pain and diarrhoea) than k. ^ , , \owvl I 

addition, only three patients on meloxicam were hospitalised for a total of 5 days, because of 
adverse gastrointestinal events, compared with ten patients on diclofenac who spent a total of 
121 days in hospital. 

In SELECT, patients were randomised to 7.5mg of meloxicam or 20mg of piroxicam once 
daily for 28 days. Meloxicam-treated patients had 31 ! ,< fewer d!i v , , ,, 

gastrointestinal adverse events thai; those on piroxicam. 

References to Phase 11.1 clinical trials with meloxicam arc to be (bund in a recent review bv 
Hawkey (1999). 

In early 1999, the US Food and Drug Administration's (FDA's) arthritis advisory committee 
said that more studies were required to show that COX-2 inhibitors have fewer 
gastrointestinal side effects than non-selective NSAIDs (Scrip 2322, 1 April 1998 p20). The 
new results for meloxicam could, it is thought, be used to support the selectivity claims. 

Another point of note is the warning by Boehringer Ingelheim about gastrointestinal and skin 
reactions m mekmcam's summary of product characteristics This warning ioilowed reports 
of "serious reactions' to it in the UK publication. Current Problems in 1 . lance t see 

Scrip 2368 , 9 September 1 998 p3 1 ). " ' 

3.2 DMARDs 

DMARDs continue to be the mainstay of rheumatoid arthritis treatment. Unlike NSAIDs, 
they do not produce immediate benefit. The time from first taking the drag to first seeing an 
effect is between 4 weeks and 3 months and 4-6 months of treatment are required before a 
full response is seen. Hence their alternative name, "slow acting agents'. They are effective in 
reducing pain and stiffness and improve not only the symptoms and signs of rheumatoid 
arthritis, but also its extra-articular manifestations. However, there is no evidence that they 
. i. , duce true remission or alter the long-term outcome of the disease I he % ,kmo. s L i\ e 
ESR and sometimes, the rheumatic factor litre. Some may even retard the erosive damage of 
the joint. However, despite their effectiveness, they cannot cure the disease and most • a en's 
commenced on a DMARD will not be taking thai particular drug 3-4 years later. This is 
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likely to be due to either an adverse drug reaction or to the fact that the drug is no longer 
effective. 

The DMARDs currently available have been in use for the management of rheumatoid 
arthritis for many years. They are all chemically different from each other and in the main, 
were not designed primarily as anti-inflammatory drugs. The way in which they work is 
unclear but they all impact on the proliferative stage of the disease and have the potential to 
limit damage to the joints. All the drugs have a significant level of adverse effects. 

Table 3.4 lists the DMARDs commonly used in the treatment of arthritis, their route of 
administration and their potential side effects. 

A wide range of studies has been published which demonstrates the effects of this assorted 
group of drugs on proinflammatory cytokine production, immune cell activation and 
proliferation -ffector cell responses, enzyme inhibition and signal transduction pathways 
(reviewed by Panning & Boumpas, 1998). 
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3.2.1 Current DMARDs 

3.2.1.1 Methotrexate 

The cytotoxic drug, methotrexate, is often the first DMARD of choice for treating rheumatoid 
arthritis because it has the most predictable benefit (American College of Rheumatology Ad 

Hoc Committee on Clinical Guidelines. .1996; O'Dell, 1997b). It is given once a week"(7.5 

15mg), either orally or by injection and produces significant anti-inflammatory effects within 
3-4 weeks. It is one of the best tolerated DMARDs with more than 50% of patients who take 
it doing so for longer than 3 years (American College of Rheumatology Ad Hoc Committee 
on Clinical Guidelines, 1996). Its anti-inflammatory effects involve a reduction in 
inflammatory leukotrienes, suppression of cell-mediated immunity, modification of the 
expression of the gene encoding for collagenase and blocking the proliferation of synovial 
fibroblasts and endothelial cells. The disadvantages of methotrexate are listed in Table 3.4. 
The most serious side effects are neutropenia and liver toxicity, for which monitoring 
procedures need to be carried out. Additionally, methotrexate can damage the lungs and 
cause nausea, diarrhoea, hair loss and mouth ulcers (American College of Rheumatology Ad 
Hoc Committee on Clinical Guidelines, 1996). 

The mechanism of action of methotrexate is traditionally assumed to be due to its activity as a 
folate analogue and subsequent inhibitor of dihydrofolate reductase. This inhibition results in 
a deficiency of the reduced folate substrates required for the synthesis of purines and 
pyrimidines and consequently, for the synthesis of nucleic acids. However, there is doubt as 
to whether this is indeed the major mechanism responsible for the ami -inflammatory and 
immunomodulatory effects of this drug and a number of other explanations have" been 
proposed (see Danning & Boumpas, 1998). 

3.2.1.2 Cyclosporin 

Cyclosporin is an immunosuppressive agent which was discovered in 1972 and has been used 
extensively in human subjects since 1978. It is effective in rheumatoid arthritis and is 
promising for patients with prognostic markers for the development of severe disease but it 
has serious side effects, for example, nephrotoxicity (Cranney & Tugwell, 1998). It is more 
selective than methotrexate in that it acts reversibly and specifically on lymphocytes, 
blocking the proliferation of CD4+ T-cells and consequently the release of inflammatory 
cytokines and cytotoxins. The primary action of cyclosporin on the immune system is the 
inhibition of IL-2 synthesis and expression. It also blocks the expression of the CD40 ligand 
which is found on activated T-cells and is necessary to stimulate the proliferation of B-cells 
(Fuleihan el al, 1994). 

The use of Neoral, a microemulsion formulation of cyclosporin, in rheumatoid arthritis has 
been reviewed by Cranney and Tugwell (1998). The review includes information on 
randomised placebo trials, comparative studies and combination studies. 

3.2.1.3 Antimalarials 

The use of antimalarials (chloroquine and hydroxycloroquine) for the treatment of 
rheumatoid arthritis is covered in a series of articles referred to by Li et al (1998). The article 
also reports studies regarding their toxicity. 
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An important feature of these antimalarial drugs is their high accumulation and storage in 
tissues. Their mechanism of action has long been thought to be related to their accumulation 
within the lysosomes where they generate a shift in pH and render the acid-proteases therein, 
ineffective (Maclntyre & Cutler, 1988). Since the lysosomal enzymes are involved in a 
variety of cellular functions, for example, the recycling of receptors to the cell surface, it has 
been suggested that their antirheumatoid effects could be mediated via this mechanism (see 
Danning & Boumpas, 1998), According to Banning and Boumpas, several authors have 
reported the decreased production of various proinflammatory cytokines after stimulation 
with chloroquine or hydroxychloroquine. Other cellular functions reported to be affected by 
antimalarial drugs include chemotaxis and superoxide production from neutrophils, antigen 
processing and presentation and the regulation of PLA 2 (and consequently, arachidonic acid, 
release). The review by Danning and Boumpas provides numerous references on this subject. 

Hydroxychloroquine inhibits the movement of granulocytes and slows the process of 
phagocytosis. It also slows cartilage destruction and prevents the formation of the antigen- 
antibody complexes that promote the immune reaction in the diseased joint (Borigini & 

Paulus, 1995). It benefits 60 70% of rheumatoid arthritis patients but its clinical effects are 

not apparent for 3-6 months and it may take a year before its maximum potential is achieved 
(Borigini & Paulus, 1995). Despite its relative safety, hydroxyquinoline often causes nausea, 
vomiting, gastrointestinal pain and diarrhoea. Skin rashes are also an undesirable side effect 
(see articles referred to by Li et «/, 1 998). 

3.2.1.4 Sulphasalazine 

Sulphasalazine contains the antibacterial drug sulphonamide. It continues to be used 
extensively in the treatment of rheumatoid arthritis. It has relatively poor absorption from the 
gastrointestinal tract with most of it being cleaved by intestinal bacteria into its two 
components, 5-aminosalicylic acid and sulfapyridine (Smedegard & Bjork, 1995). It has been 
shown that sulfapyridine can inhibit the growth of several bacteria, decreasing the load of 
potential antigens, but it is not thought that this is the main mechanism of action of the drug. 
Sulphasalazine has been noted to be an inhibitor of folate metabolism (a dihydrofolate 
reductase inhibitor) leading to a decrease in cell proliferation and it has been shown to inhibit 
the proliferation of T- and B-cells and immunoglobulin synthesis (see Danning & Boumpas. 
1998, for references). It. has also been shown to reduce the release of a number of cytokines 
including It- 1, 0.-2, TNF-a, IL-6 and IFN-y (references in Danning & Boumpas, 1998). 
Other suggested mechanisms of action are also reported by these authors. 

Sulphasalazine may cause skin rashes but the most serious potential adverse effect is 
neutropenia. 

3.2.1.5 D-peniciliamine 

D-penicillamine is an established DMARD which has been in use for many years. It is related 
to penicillin. Its action with respect, to rheumatoid arthritis is not known but it inhibits the 
function of T cells. Its toxic effects limit it to use only after methotrexate or another DMARD 
has failed. It may require more than 12 weeks to have an effect. There are potentially serious 
side effects, including blood toxicity and renal damage which necessitates close monitoring 
(Borigini & Paulus, 1995). 
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3,2.1.6 Gold 

Gold-containing drugs are used to treat patients with rheumatoid arthritis present in several 
joints, which progresses despite prior treatment. Although gold exists as an insoluble 
element, once oxidised, the gold ion can be stabilised in solution and can be administered 
either orally or as an intramuscular injection. The efficacy of gold salts has been well 
documented but their mechanism of action remains largely unknown. 

Gold-containing drugs have been found to decrease T- and B-cells in rheumatic joints and 
reduce the production of immunoglobulins (including the antibodies that promote joint 
inflammation). They also act against the complement proteins and may restrict the ability of 
immune cells to produce IL-1. 

As a therapy, oral gold is easier to administer than the injectable form but it takes longer to 
act. Intramuscular gold is effective within 3 to 6 months in up to 80% of patients (Bongint & 
Paulus. 1995). The most common side effects of the oral therapy are gastrointestinal 
discomfort, pruritis and oral ulcers. Injectable gold-containing drugs are associated with 
kidney and liver damage, thromboyctopenia and severe anaemia. Gold therapy is usually 
stopped within 5 years because of side effects or because it is no longer effective." 

Clinical trials and adverse reactions to gold therapy are covered by a number of reviews 
quoted in Li el al, 1998. Potential mechanisms of action which might be attributed to gold 
therapy are reviewed by Dunning and Boumpas ( 1 998). 

3.2.2 Combination therapy 

In 1997. combinations of DMARDs were used by 99% of the rheumatologists in the US to 
treat an estimated 24% of all iheumatoid arthritis patients i ( ) De 1 - liguics 

have increased significantly in the last 2 years. However, this near total acceptance of 
combination DM ART) therapy is a recent approach, since in 1994. opinions were the reverse. 
Reasons for the evolution of combination therapy are as follows: 

• Most DMARDs lose their efficacy with time 

• The response to a single DMARD is often suboptimal 

• Toxic side effects of one DMARD may be played down by using lower doses in 
combination therapy 

• Combination iherap> is now proven to be safer and more effective that mono therapv (see 
O'Dell, 1998) 

Until recently, scientific evidence to support the advantages: of this approach was lacking bul 
this is no longer the case and an increasing number of high-quality trials have now been 
published. These are reviewed by Verhoeven el al (1998). 

The first major publicised study of triple therapy was that of O'Dell el al (1996) which 
1 ' '•- die effectiveness of triple combination therapy using a combination of 

methotrexate, sulphasalazine and hydroxychloroquine. The study was a 2-year double-blind 
randomised study of 102 rheumatoid arthritis patients who had responded poorly to at least 
one DMARD. The arms of the study were methotrexate alone (7.5-1 7.5mg per week, 
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adjusted in an attempt to achieve remission), a combination of sulphasalazine (500mg twice 
daily) and hydroxychloroquine (200mg twice daily) or a combination of all three drugs. The 
primarj endpoint of the study was the successful completion of 2 years of treatment with 
50% improvement in symptoms of arthritis and no evidence of drug toxicity. The findings 
showed thai 49% of the patients had 50% improvement at 9 months and maintained at least 
50 f T improvement for 2 years without evidence of major drug toxicity. Among them were 
77%< of patients treated with all three drugs (24 of 31)," 333 with methotrexate alone (12 of 
36) and 40% of those treated with sulphasalazine plus hydroxychloroquine (14 of 35). Drug 
toxicity caused seven patients in the methotrexate group, and three patients in each of the 
other two groups to discontinue treatment. 

Overall the study showed that a sulphasalazine-hydroxychloroquine-methotrexatc 
combination treatment was significantly more effective than using either methotrexate alone 
or a combination of methotrexate-sulphasalazine. 

O'Dell (1998) has also reported the results of a long-term follow-up of 60 patients treated 
with triple therapy for a mean period of 3.3 years. Thirty-one of these patients were 
randomised to triple therapy in the initial trial and the remaining 29 were treated with triple 
therapy after suboptimal responses to the initial protocol. There was a 50% improvement in 
44 (73%) of patients and 17%- failed to gain improvement (10% withdrew because of side 
effects). 

According to O'Dell (1998). the most commonly used combinations of 
methotrexate/hydroxychloroquine, methotrexaic/sulphasalazmc and sulphasalazine 
/hydroxychloroquine are prescribed by 99%, 84% and 63% of US rheumaiologists 
respective!) Furthermore, 67% of rheumaiologists use combinations of al least three 
DMARDs to treat a subset of their patients (O'Dell, 1997a). 

Fries ft W0) also demonstrated, with information from ARAMfS. that the relative toxicities 
of DMARDs is similar overall to the NSAIDs and that using combination therapy does not 
increase their relative toxicity profiles. The use of combination therapy would appear to be a 
promising way forward in the management of this chronic disease. 

3,2.2.1 The future of combination therapy 

The possible combinations of DMARDs that could be used to treat rheumatoid arthritis are 
endless, especial!) if biologicals and corticosteroids are included in the permutations. O'Dell 
(1998) visualises that, in the short term, methotrexate will continue to hold a central role in 
combination therapy but that both low-dose steroids and metalloproteinase inhibitors ('see 
Section 5.19) will become increasingly important treatment components. The role of soluble 
TN.F-a receptor protein (see Chapter 4), or other biologicals, is seen to be in combination 
with the more traditional DMARDs, possibly as an induction therapy. The less expensive and 
more convenient DMARDs will perhaps be used for maintenance therapy. 

Kremer (1998) envisages a new role for methotrexate as a keystone to support other 
therapeutic interventions. At present, according to Kremer. combinations are arbitrary and 
driven by economics rather than scientific rationale. Ideally they need to be designed to have 
a complementary mechanism of action without additive toxicity. However, at present, the 
toxicity of methotrexate is better understood than its mechanism of action and we are 
effective!) reduced to the "try it and sec' approach bearing in mind the potential toxicity of 
certain combinations. Kremer (1998; discusses the potential of methotrexate in combination 
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with the emerging biological therapies and suggests ways in which these combination 
therapies might be developed. 

3.2.3 Measuring the benefits of DMARDs in clinical trials 

The policy in the past was to start DMARDs late in the disease when it was thought that the 
nsk:bcnefit ratio favoured their use. However, it is now known that most erosions occur in 
the first 2 years and during that time, the immune system abnormality becomes entrenched. 
Thus the duration of the disease prior to starting a ciinical trial is important in assessing the 
efficacy of a drug with respect to improvement of erosions. If treatment is started too late 
then there will be no evident benefit with respect to response. Newer studies are showing a 
reduction in erosion scores, for example, with low-dose prednisolone (Kirwan & Lim. 1006) 
and with cyclosporin (Pasero et at, 19%). 

3.2.4 The cost-effectiveness of aggressive treatment with DMARDs 

There is strong clinical evidence for starting drug therapy as early as possible in ihe treatment 
of rheumatoid arthritis. Yet, despite this, many clinicians are reluctant to preseri \ ag re sivc 
therapy to patients with early mild disease. However, a rcee 1 cos in ss lu d | ls 
demonstrated thai aggressive early therapy also has economic benefits (Verhoeven et al, 
1998). In their study, patients with early active rheumatoid arthritis were treated with either a 
combination of sulphasalazine. methotrexate and prednisolone (n=76j or sulphasalazine and 
placebos (n=78). The duration of the trial was 1 year. Prednisolone and methotrexate (or 
placebos) were stopped after 28 and 40 weeks respectively and sulphasaia/me was continued 
for the trial period. Clinical and cost measures were monitored throughout. 

Clinical, radiologic and functional outcomes were significantly improved in the combined 
thetapy grutm 1 Ik r MutiUiMvp |aKit ut^^ y >i I, , b ,i tre mn, t 
and $6,511 for the sulphasalazine treatment alone. Outpatient and inpatient care consumed 
approximately two-thirds of the. costs. The cost of drugs for the combination treatment was 
higher than tor .sulphasalazine alone but the amount of money spent on other drugs (NSAlDs. 
analgesics and gastroprotective drugs) was lower ($237 compared with $329). 

3.3 Corticosteroids 

Corticosteroids have several roles in the treatment of rheumatoid arthritis: 

• They can be used early on in the disease to manage inflammation while waiting for 
DMARDs to have an effect 

• They can be used chronically when other drug combinations (NSAIDs plus DMARDs) do 
not achieve an adequate response 

• They can be used in short courses during acute (lares to reduce inflammation 

» They can be given by intra-arlicular injection into soft tissue sites to reduce local 
inflammation 

Corticosteroid injections are useful when one or more joints are badly inflamed. They can 
provide relief of pain, stiffness and swelling tor up to 6 months. Pulse doses up to la 
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intravenously on three consecutive days are currently given to suppress severe inflammation 
while longer term treatment is being initiated. 

The adverse effects of corticosteroids are dose-related and may be kept to a minimum, by 
in the lc it effective drug. Adverse effects t ude flu i 'i! ,r ight in 

osteoporosis, hypertension, hyperglycemia, increased appetite, effects on the centra] nervous 
system (C'N'S). cataracts, glaucoma and increases! progression of atherosclerosis. 

The mechanisms involved in the immunosuppressive/antiinflammatory effects of 
corticosteroids include the inhibition of COX-2 expression (Needleman & Isakson, 1997), the 
inhibition of leukocyte migration, the suppression of immunoglobulin production and the 
down-regulation of inflammatory cytokine production (Boumpas ei al, 1993). Several in vitro 
studies have been reported which show that corticosteroids decrease the production of 
cytokines from activated cells (see Danning & Boumpas, 1998). Further to this, one of the 
most wide > udw mech; isms of action of corticosts tion is the 

regulation of gene expression at both the transcriptional and post-transcripdonal level 
(Danning & Boumpas, 1998). After entering the cell, corticosteroids bind to a cytoplasmic 
receptor which functions as a ligand-activated transcription factor which stimulates gene 
expression either by direct interaction with a specific regulatory area of the gene or by 
interfering with other transcription factors. 

Prednisolone is a synthetic corticosteroid that has been used in the treatment of rheumatoid 
arthritis since the 1950s. It is usually given together with analgesics and anti-inflammatory 
drugs and may be given together with DMARDs. It has long-term side effects which limits 
the dose but there is good evidence to support its use in preventing erosions when used early 
on in the disease. It may be given orally, intramuscularly or intravenously. It has the 
inta the more potent i f pi finer dos umeni The 

maintenance dose is usually ?.5mg daily. The .short-term side effects are nausea, dyspepsia, 
anxiety and insomnia and increased appetite (leading to weight gain). Long-term effects 
include Cushingoid appearance, obesity, acne, adrenal suppression, hypertension, myopathy, 
osteoporosis, cataract and growth retardation in children. 

Prednisolone farnesil is a topical steroidal anti-inflammatory agent, jointly developed by 
Kuraray and Taiho for use in rheumatoid arthritis and osteoarthritis, St consists of 
prednisolone linked at C-21 with farnesil acid. Prednisolone farnesil penetrates the epidermis 
to reach the inflamed area and has few systemic side effects at therapeutic closes. It is 
launched in Japan where it is co-marketed as Farnerate by Dainippon in a 1.4% topical gel 
formulation and as Farnesone by Taiho for chronic rheumatic pain. A cream formulation for 
rheumatoid arthritis -and osteoarthritis is in Phase III clinical trials. 

3.4 Other agents launched for the treatment of arthritis 

3.4,1 Hyaluronic acid derivatives 

Synvisc (hylan G-F 20) is an elastoviscous fluid that is injected into the knee joint to 
supplement and restore the lubricating, protecting and shock absorbing properties of synovia! 
fluid in patients suffering from osteoarthritis. This treatment, which is known as 
viscosupplementation, relieves pain and improves mobility in osteoarthritic knee joints. 
Synvisc is composed of hylans, unique biopolymers developed by Biomatrix from 
hyaluronan, the naturally occurring polysaccharide than helps provide the synovial fluid with 
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elasticity and viscosity. In clinical use, a course of treatment consisting of three injections, 
can provide pain relief in some patients for up to 6 months or more. 

Orthovisc (Anika Therapeutics) is another hyaluronic acid derivative administered as an 
intra cui > ... •„ r lor '-he treatment of osteoarthritis of the knee. It is injected into the 
joint space three times user a 2-week period to provide viscosupplementation. 

Two supplemental hyaluronic acid treatments are on the market thai are derived from the 
combs of roosters - one from the Italian company. Fidia. and the other from the Japanese 
company, Seikagaku Kogyo. The latter product is launched in Japan as ARTZ by Kaken 
Pharmaceuticals. 

3,4,2 Glucosamine sulphate 

Glucosamine sulphate is a glucosamine salt developed by Rotta Research for use in 
osteoarthritis. It is found in high concentrations in healthy joints and is critical to the integrity 
of the joint tissues. Its main function is to stimulate cartilage synthesis which in turn 
promotes joint repair. It is taken orally and acts by initiating the repair of damaged joint 
tissue. It has an excellent safety record, is well tolerated and does not cause alletgic .c<k linns 
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CHAPTER 4 
EMERGING DRUG THERAPIES 



NS AIDs and DMARDs have long been the drugs of choice for the treatment of arthritis but, 
as indicated in the preceding chapters, they are far from ideal. Consequently there has been a 
concerted effort to break through the barriers and discover new types of therapy to treat this 
debilitating disease. Now, several new drugs with novel mechanisms of action are emerging 
on to the market. The two classes of drugs that are currently receiving the most attention are 
the new selective COX-2 inhibitors and the anti-TNF agents. These and other emerging drugs 
are listed in Table 4.1 and discussed below. 



Table 4.1: Emerging therapies for arthritis 



Trade name 


Generic name 


Originator 


Country of 
origin 


Mode of action 


Celebrex 


celecoxib 


Searle (Monsanto) 


US 


Selective COX-2 inhibitor 


Vioxx 


rofecoxib 


Merck 


US 


Selective COX-2 inhibitor 


Remicade 


infliximab 


Centocor 


us 


Anti-TNF monoclonal antibody 


Enbrei 








(MAb) (human-mouse chimaera) 


etanercept 


Immunex 


us 


Anti-TNF (TNF receptor p75 


Arava 








fusion protein) 


leflunomide 


Hoechst Marion 


Germany 


DMARD (pyrimidine synthesis 


Therafectin 




Roussel 




inhibitor) 


amipriiose 


Boston Life Sciences 


us 


Synthetic carbohydrate 


Prosorba 


apheresis 


Cypress Bioscience 


us 


Blood filtering device 


column 









4.1 COX-2 inhibitors 

As discussed in Chapters 1 and 3, the inflammation associated with arthritis is due to the 
synthesis and release of PGs from arachidonic acid by the action of the COX enzyme. Aspirin 
and similar NSAIDs reduce PG synthesis by blocking the enzyme. For some years now, a 
wide range of these anti -inflammatory drugs has been available for the treatment of arthritis. 
They are among the most heavily used in the world even though their benefits may be 
disappointing and their side effects deleterious. Consequently, current arthritis drug 
development and ongoing research is aimed at producing more effective and safer drugs 
without the deleterious side effects of the current ones. Good progress in this area means that 
we are now on the verge of a breakthrough with a whole new class of anti-arthritis drugs. 

4.1.1 Background to the development of COX-2 inhibitors 

In the 1980s, Needleman and colleagues showed that the COX enzyme was increased in 
inflamed tissue and that it was stimulated by IL-1 in cultured human dermal fibroblasts in a 
dose-dependent manner (Raz et al, 1988). This suggested to them that the effect of IL-1 was 
mediated mainly, if not totally, via the induction of COX synthesis. In 1990, Needleman's 
group demonstrated that the COX enzyme could be induced by endotoxin 
(leucopolysaccharide) and that glucocorticoids (eg dexamethasone) inhibited this endotoxin- 
stimulated release of PGs (Masferrer et al, 1990). However, they also noticed that 
dexamethasone did not inhibit the formation of baseline PGs. These observations led to the 
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suggestion that a second COX enzyme existed and in 1991, COX-2 was cloned (O'Bannion 
etal, 1991). 

It is now known that COX-1 is present in most tissues as the constitutive or baseline enzyme. 
It is responsible for the maintenance of the gastric mucosa* platelet function and macrophage 
differentiation and is involved in renal function. COX-2, on the other hand, is induced by 
injury and inflammation as, for example, in arthritis. 

Evidence from animal models of acute rheumatoid arthritis strongly suggests that the increase 
in PG production seen in inflamed joint tissues is due to increased expression of COX-2 
(Anderson et at, 1996). The induction of COX-2 has been reported in both human 
osteoarthritis-affected cartilage (Amin et al, 1997) and in synovial tissue taken from patients 
with rheumatoid arthritis (Kang et al, 1996). 

COX-2 has a 60% homology with COX-1 and has the same mechanism of action in that it 
converts arachidonic acid to PGs but the conditions under which it is present, and its location, 
differ. Furthermore, COX-1 and COX-2 genes are regulated by two independent and different 
mechanisms even though the reaction that they catalyse is identical (Dubois et al, 1998). 

Inhibition of COX-1 accounts for many of the side effects of the NSAIDs, in particular their 
gastrointestinal toxicity. Serious NSAID-induced gastrointestinal side effects such as stomach 
perforations, ulcers and bleeding result in more than 76,000 hospitalisations and 7,600 deaths 
each year in the US alone (Scrip 2390, 25 November 1998 pp20-21). In contrast, the 
inhibition of COX-2 is desirable because it produces an anti-inflammatory response. The 
established NSAIDs inhibit both forms of the enzyme and consequently, pharmaceutical 
research has been directed towards the development of COX inhibitors that selectively inhibit 
COX-2 but have no effect on COX- 1 . 

Two COX-2 specific inhibitors for arthritis are now approaching the market, namely, Searle's 
celecoxib (Celebrex) and Merck's rofecoxib (Vioxx). Celecoxib was released in the US in 
January 1999 and is also available in Mexico, Brazil and Switzerland. Additional approvals 
are pending worldwide. Rofecoxib has been approved in Mexico and the US. Data regarding 
these two drugs suggest that they will have advantages over regular NSAIDs. The new data 
have been received enthusiastically by both medical specialists and financial analysts, with 
both groups prediciting that these new drugs will replace established NSAIDs in the near 
future. Analysts expect both celecoxib and rofecoxib to quickly become best-sellers and 
predict sales of more than $1 billion each, and possibly up to $5 billion combined. 

Figure 4.1 summarises the relationship between COX-1 and COX-2 and the new generation 
COX inhibitors. 



© PJB Publications Lid. 1999 



10 



( reatmem: /i marnei revolution 



Figure 4.1: The relationship between COX-1 and the new COX-2 inhibitors 



Both beneficial prostaglandins (PGs) and those causing inflammation 
blocked, resulting in control of symptoms but at the risk of side effects, 
especially in the stomach 




Prior to 1991 it was not 
known that cyclo-oxygenase 
(COX) existed in two forms, 
both of which were inhibited 
by NSAIDs 



After 
1991/2 



•Arachidonic 
acid 



Beneficial PGs still 
produced in stomach 
lining, thus protecting 
against ulcers 




Only unwanted PGs 
blocked = selective 
reduction in inflammation 
and pain with lower risk 
of side effects 



Source: Target Rheumatoid Arthritis, 1997. 

4.1.2 Selectivity of COX inhibitors 

There has been considerable scepticism about the selectivity of COX-2 agents in the past 
(Scrip 2322, 1 April 1998 p20; Scrip 22S6, 21 November 1997 P 20). The first drugs with this 
claim, meloxicam (Boehringer Ingelheim's Mobic) and nabumetone (SmithKline Beecham's 
Relafen) have been marketed as 'COX-2 specific' but are actually 'COX-2 preferential' 
inhibitors, since they also inhibit the COX-1 enzyme (see Chapter 3). Celecoxib and 
rofecoxib are a new breed of drugs, and are highly specific for the COX-2 enzyme, showing 
no inhibition of COX-1 in vivo at therapeutic doses and beyond. 

4.1.2.1 FDA study recommendations 

The FDA arthritis drugs advisory committee has, despite the specificity claimed for the new 
drugs, said that more studies will be required to definitively show whether selective COX-2 
inhibitors really do have fewer gastrointestinal side effects than non-selective NSAIDs. The 
panel recommended that COX-2 studies should have a placebo comparison and one active 
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comparator drug in rheumatoid arthritis trials and an active NSAID comparator and a 
comparison with paracetamol for osteoarthritis studies. Panel members also urged companies 
to include 3-month endoscopic studies to determine whether erosions or ulcers have 
developed and to study potential nephrotoxicity, and bone and reproductive effects {Scrip 
2322, 1 April 1998 p20). The FDA has stated that a drug must show safety in endoscopy 
studies, that platelet function must not be impaired and that a study of 3 months minimum, 
with a further 3 months follow-up, will be required to show true efficacy. 

4.1.3 Celecoxib 

Celecoxib is an orally-active, highly selective COX-2 inhibitor, developed by Searle 
(Monsanto) as a treatment for rheumatoid arthritis, osteoarthritis and related painful 
conditions {Scrip 2387, 13 November 1998 pi 2). It is 400-fold more selective for COX-2 
than COX-1 {Scrip 2175, 25 October 1996 pI5). 

For osteoarthritis the recommended dose is 200mg per day as a single dose or lOOmg twice 
daily. For rheumatoid arthritis it is recommended at a dose of 100-200mg twice daily {Scrip 
2400, 6 January 1999 pi 8). 

4.1.3.1 Clinical trials 

Celecoxib has been tested in more than 14,000 patients worldwide. The results of Phase III 
trials and safety data, presented at the ACR meeting in San Diego in November 1998. showed 
the drug to be as effective as the NSAIDs naproxen and diclofenac for both osteoarthritis and 
rheumatoid arthritis, but with a superior gastrointestinal safety profile {Scrip 2390, 25 
November 1998 pp20-21). 

The efficacy results were obtained from the following trials: 

• Three 12-week pivotal studies (two of knee, and one of hip pain) in about 3,300 
osteoarthritis patients, where each study compared celecoxib 50mg twice daily, lOOmg 
twice daily, and 200mg twice daily with naproxen 500mg twice daily and with placebo 

• Two 6-week pivotal studies in about 1,300 osteoarthritis patients comparing celecoxib 
lOOmg twice daily and 200mg daily with placebo 

• Two 12-week pivotal studies in 2,252 rheumatoid arthritis patients comparing celecoxib 
lOOmg twice daily, 200mg twice daily, and 400mg twice daily with naproxen 500mg 
twice daily and with placebo 

• One 6-month durability study in more than 600 rheumatoid arthritis patients comparing 
celecoxib 200mg twice daily with slow-release diclofenac 75mg twice daily 

• Three 12-hour acute pain studies in more than 700 post-dental surgery patients comparing 
varying doses of celecoxib (25-400mg) with placebo and either ibuprofen 400mg or 
naproxen sodium 550mg 

• One supporting acute pain study in 255 post-orthopaedic surgery patients comparing 
celecoxib lOOmg twice daily and 200mg twice daily with Lilly's Darvocet N-100 four 
times daily and with placebo 
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The trials against naproxen (500mg twice daily) lasted for 12 weeks, and involved 1,149 
patients with rheumatoid arthritis and 1,004 patients with osteoarthritis. 

In both arthritis conditions, celecoxib (at all three doses of 1 OOmg, 200mg or 400mg twice 
daily) was better than placebo and similar to naproxen at relieving symptoms (eg joint 
tenderness, pain and swelling). The upper gastrointestinal safety profile of celecoxib was not 
significantly different from placebo, but was superior to naproxen. The incidence of 
endoscopically documented peptic ulcers was 26% for the naproxen group, but only 4% with 
placebo and with celecoxib 6% at 400mg twice daily, 4% at 200mg twice daily and 6% at 
lOOmg twice daily. 

In the comparator trial against diclofenac SR (75mg twice daily), which involved 655 
rheumatoid arthritis patients, followed for 24 weeks, celecoxib (200mg twice daily) was as 
effective in relieving pain and swelling but was associated with significantly fewer 
gastrointestinal complaints (eg diarrhoea, abdominal pain, dyspepsia). The overall incidence 
of gastrointestinal complaints during the trial was 36% in the celecoxib group versus 48% in 
the diclofenac group and withdrawals due to gastrointestinal adverse effects were 6% for 
celecoxib versus 16% for diclofenac, although withdrawals due to treatment failure were 
similar (8% versus 7% respectively). 

At the end of the study, endoscopy was performed on 430 of the 500 patients who completed 
and showed significantly fewer gastroduodenal ulcers in the celecoxib group than in the 
diclofenac group (4% versus 15%). This 24-week endoscopy study was longer than the 3 
months recently recommended by the FDA's arthritis advisory committee (Scrip 2322, 1 
April 1998 p20). 

Other Phase III results presented at the ACR meeting showed that celecoxib does not interact 
with methotrexate or warfarin, two drugs often used in arthritis management. One study 
measured the effects on platelet aggregation (an event mediated via the COX-1 enzyme), and 
showed celecoxib to have no effect on platelet aggregation, even at high doses (600mg twice 
daily), while naproxen at its full therapeutic dose (500mg twice daily) inhibited platelet 
aggregation by 95%. 

4.1.3.2 Celecoxib and its effect on pain 

In considering approval of celecoxib, the FDA panel was split on whether clinical trial data 
supported the additional indication of acute pain management (Scrip 2393, 4 December 1998 
pi 8) and did not recommend it for this indication other than in arthritis. 

The FDA panellists reviewing the data commented that, despite celecoxib' s superiority to 
placebo, patients were generally still symptomatic. It was noted that following dental surgery, 
ibuprofen was significantly better than celecoxib at reducing acute pain for the first few hours 
after taking the drug. It was contended that the post-orthopaedic study failed because the pain 
measures for both celecoxib and Darvocet were not separated statistically from placebo. This 
led the FDA to question whether Searle had met the agency's traditional requirement for at 
least two different types of pain models, that is, single dose, such as in dental pain, and 
multiple dose, such as in post-operative pain, to be awarded an acute pain management 
indication. Searle argued that treating the initial flare pain in the early stages of the three 1 2- 
week osteoarthritis trials should count as treating acute pain with single doses of celecoxib, in 
addition to serving as pivotal studies in the treatment of osteoarthritis pain for 3 months. 
However, the FDA panellists were not convinced. 
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Safety claims for celecoxib 



Most of the FDA committee's discussion centred on celecoxib's gastrointestinal safety claims 
and on Searle's request for establishing a new classification for COX-2 inhibitors, with 
celecoxib being the first. Avoiding the NSAID cJass warning about the risk of gastrointestinal 
ulceration, bleeding and perforation would be a significant marketing advantage for 
celecoxib. Searle's primary clinical evidence for lower gastrointestinal toxicity was 
endoscopic examinations of 4,700 patients in five trials in which celecoxib was compared 
with NSAIDs and placebo (Scrip 2393, 4 December 1998 pi 8). For the osteoarthritis and 
rheumatoid arthritis pivotal trials, the company reported a 25% incidence of ulcers in patients 
who received naproxen, compared with approximately 4% for patients in the other arms of 
the study. It was stated that the incidence of ulcers with celecoxib was not statistically 
different from placebo, and that there were no differences across the celecoxib doses. The 
ulcer incidence was also reported to be much lower with celecoxib than with ibuprofen, and 
4% of patients in the 6-month rheumatoid arthritis study, who received celecoxib, developed 
ulcers, compared with 15% who received diclofenac. 

The FDA said that a second study comparing celecoxib with diclofenac found no statistical 
difference in ulcer rates at the time points studied. The FDA asked the panel what 
comparisons between celecoxib and NSAIDs, if any, should be allowed in the labelling, 
considering that only two of the three NSAIDs studied had demonstrated consistent statistical 
superiority for the COX-2 inhibitor. Several panellists argued that only clinical data, rather 
than surrogate endoscopic evidence, should be weighed in comparing gastrointestinal 
toxicities, since these small, localised ulcers may have no relation to the serious upper 
gastrointestinal complications that lead to an estimated 100,000 hospitalisations and 10,000- 
20,000 deaths each year in the US. 

The company presented clinical data from North American trials showing the incidence of 
gastrointestinal events was nearly 30% higher for NSAIDs than for celecoxib. It was also 
pointed out that there was no statistical difference between the incidence of gastrointestinal- 
related patient withdrawals for celecoxib compared with placebo, whereas the incidence was 
statistically greater for NSAIDs. However the FDA said that the studies had not been 
designed to compare clinically significant upper gastrointestinal events. It was pointed out 
that the data from the submission were not adequate to give an annual incidence rate or 
statistical information because the studies were of short duration. 

The committee declined to endorse Searle's view that celecoxib is the first of a new class of 
COX inhibitors that are less toxic to the gastrointestinal tract than NSAIDs. Nevertheless, the 
panel did agree that celecoxib itself has potentially less gastrointestinal toxicity than other 
NSAIDs (Scrip 2393, 4 December 1998 pi 8). This means that celecoxib carries many of the 
same warnings as the older NSAIDs, including the potential for renal damage, but unlike 
other NSAIDs, the celecoxib label states that the drug causes fewer endoscopically diagnosed 
ulcers and that it does not inhibit platelet aggregation. 

The cautionary approach is supported by the fact that the use of the drug has been associated 
with 10 deaths since its launch in mid-January. However, no direct causality has been found 
between the deaths and the use of celecoxib. According to Searle, five of the deaths were 
cardiovascular related, one was involved in hepatic failure, one was a case where the 
physician specifically stated that there was no relationship to celecoxib, one involved a 
patient who had an aortic abdominal aneurysm (but was only on the drug for 3 days) and two 
cases involved elderly patients who experienced gastrointestinal bleeding. They were 77 and 
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88 years old respectively, had other illnesses and were taking multiple medications which 
could be linked to gastrointestinal events (Scrip 2431, 23 April 1999, p24). 

4.1.4 Rofecoxib 

The US FDA's arthritis advisory committee has recommended approval of Merck's COX-2 
inhibitor, rofecoxib, for the treatment of osteoarthritis and acute pain. Phase III trials in 
rheumatoid arthritis are currently underway. As with celecoxib, the panel agreed that the 
labelling for rofecoxib should carry the same warning of gastrointestinal toxicity currently 
required for all NS AIDs (Scrip 243 1 , 23 April 1 999 p 1 8). 

In common with celecoxib, rofecoxib is highly specific for the COX-2 enzyme, but does not 
inhibit COX-1 in vivo at therapeutic doses and beyond (Scrip 2391, 27 November 1998 pi 8). 

4.1.4.1 Clinical trials 

Data are available from studies with more than 10,000 patients, including nine Phase II/III 
studies in osteoarthritis (four of which are ongoing) and nine Phase II/III studies in acute pain 
(Scrip 2431, 23 April 1999 pi 8). Results presented at the ACR meeting in San Diego, US 
(November 1998) were from two Phase III efficacy studies for osteoarthritis, and a pilot 
Phase II efficacy study for rheumatoid arthritis (Scrip 2391, 27 November 1998 pi 8; Scrip 
2390, 25 November 1998 p20). 

The osteoarthritis studies showed that rofecoxib (at doses of I2.5mg or 25mg once daily) had 
efficacy comparable to that of the maximum dose of diclofenac (50mg three times daily) and 
ibuprofen (800mg three times daily). The ibuprofen comparator study was short term, lasting 
6 weeks and involving 736 patients, and showed relief from pain and inflammation at 2, 4 
and 6 weeks that was comparable in both drug groups, and significantly greater than in the 
placebo group. The diclofenac comparator study was long term, lasting a year and involving 
784 patients, and showed that the treatment effect was maintained. 

In both studies, rofecoxib was well tolerated. Side effects such as upper respiratory infection, 
diarrhoea, nausea and headache were reported with a relatively low incidence and were 
similar to placebo. 

Treatment with the comparator drugs was also generally well tolerated but among the 
diclofenac patients more discontinuations due to adverse experiences were seen because of 
abnormal liver tests. The incidence of mild fluid retention was similar across all treatment 
groups and the incidence of thromboembolic cardiovascular experiences was low (less than 
1%) and similar between rofecoxib, diclofenac and ibuprofen. 

The second osteoarthritis study was a 6-week study which focused on quality of life 
(comparing rofecoxib with placebo). It found no differences in factors relating to general 
health perceptions. Patients on the drug reported significant improvements in physical 
functioning compared with those on placebo, eg decreased bodily pain and an improved 
ability to perform everyday activities such as climbing the stairs. This perception of improved 
physical health resulted directly in a significant improvement in their mental well-being, with 
patients saying they had more energy, less difficulty working and fewer emotional problems. 

The rheumatoid arthritis study was a pilot trial with 133 patients which compared rofecoxib 
with placebo over a 6-week period. Twice as many patients on the drug as on placebo showed 
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an improvement in rheumatoid arthritis symptoms such as pain, morning stiffness, joint 
tenderness and disability. Larger studies in rheumatoid arthritis are now underway. 

Rofecoxib has shown gastrointestinal safety similar to placebo in an endoscopy study, even at 
doses ten times higher than those currently being used in Phase III clinical trials. Similar 
endoscopy studies over the entire length of the gastrointestinal tract suggested to the 
company that rofecoxib induces less damage than ibuprofen and indomethacin. Five dose- 
ranging Phase n studies showed that the once-daily drug relieved the symptoms of 
osteoarthritis and rheumatoid arthritis, was as effective as naproxen and ibuprofen against 
pain following dental surgery and was more effective than ibuprofen for menstrual cramps 
and pain (Scrip 2335, 15 May 1998 p27). 

The results of two studies which support these findings (see Scrip 2380, 21 October 1998 
p26) evaluated gastrointestinal blood loss and gastrointestinal permeability. Gastrointestinal 
permeability is believed to be an indicator of gastrointestinal toxicity, particularly low-grade 
inflammation, bleeding and intestinal protein loss. 

In the first study, 67 healthy volunteers were randomised to either 25 mg or 50mg of 
rofecoxib once a day, 800mg of ibuprofen three times a day, or placebo, for 4 weeks. 
Volunteers on both doses of rofecoxib had no significant differences in blood loss compared 
with those on placebo. However, volunteers on ibuprofen had twice as much blood loss as 
those on either rofecoxib or placebo. 

In the second study, 39 volunteers were randomised to 25mg or 50mg of rofecoxib once a 
day, 50mg of indomethacin three times a day or placebo for 7 days. Gastrointestinal 
permeability in volunteers on rofecoxib was not significantly different from that of those on 
placebo but those on indomethacin had significant increases of up to 58% permeability. 

Two 6-month safety studies, recently reported by Merck, which evaluated 1,427 osteoarthritis 
patients, showed that rofecoxib caused less gastrointestinal toxicity than ibuprofen (reported 
in Scrip 2396, 16 December 1998 P 20). These data are the first to show a reduction in serious 
gastrointestinal side effects with rofecoxib compared with other NSAIDs. The cumulative 
rate of ulcers for once-daily rofecoxib (25mg and 50mg) was similar to that for placebo and 
significantly less than for ibuprofen (800mg three times daily). Data for weeks 12 and 24 of 
the trials are presented in Table 4.2. 

Table 4.2: Cumulative rate of ulcers for once-daily rofecoxib compared with ibuprofen and placebo 





Week 12 (% ulcers) 


Week 24 (% ulcers) 


Placebo 


7.3 




Rofecoxib 25mg 


4.7 


9.7 


Rofecoxib 50mg 


8.1 


13.5 


Ibuprofen 


28.5 


46.4 



Source: Scrip 2396, 16 December 1998 p20. 

Note: *The placebo arm was discontinued at week 16. 

Effects on renal function were reported to be similar to those seen with other drugs, including 
the NSAIDs known to act on similar biochemical targets. 
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The FDA advisory committee that approved the drug were concerned about the potential of 
rofecoxib for dosage creep with a resultant increase in adverse events, including hypertension 
and peripheral oedema. This could be important in the treatment of rheumatoid arthritis 
where the required dose is likely to be more than 25mg a day (Scrip 243 1 23 April 1 999 p 1 8). 

4.1.4.2 Competition with celecoxib 

Although celecoxib reached the market first, rofecoxib is expected to have a competitive 
advantage in terms of pain indication because Merck has conducted longer pain studies (Scrip 
2396, 16 December 1998 pi 3). However, it is expected that the FDA will require the 
rofecoxib data sheet to carry the standard NSAID class label warning about the risk of 
gastrointestinal ulceration, although with slight modifications. 

The indication approved by the FDA for celecoxib is broader than for rofecoxib, covering 
treatment of acute or chronic signs and symptoms of osteoarthritis and rheumatoid arthritis 
and the management of pain. Merck plans to file for the treatment of osteoarthritis and 
management of pain, but is still studying the drug in rheumatoid arthritis. There is a 
difference in administration which may benefit the marketing of rofecoxib, because although 
both are oral tablets, rofecoxib is a once daily medication while celecoxib needs to be taken 
twice daily. 

Rofecoxib has been approved in Mexico and in the US, where it is expected to be available to 
pharmacists from mid-June 1999. 

Searle and Merck are exploring the potential of their respective COX-2 inhibitors, celecoxib 
and rofecoxib in the treatment of colon cancer and Alzheimer's disease (Scrip 2434/2435 5/7 
May 1999 p29), thus broadening the potential applications of these drugs. There have been 
suggestions that the anti-inflammatory effects of NSAIDs may be beneficial in both 
conditions, but until now, their gastrointestinal toxicity has precluded further investigation. 
The COX-2 inhibitors, with their better gastrointestinal profile, allow clinical testing of these 
diseases. 

Searle, in conjunction with Pfizer, has begun a Phase III study of celecoxib for colon cancer, 
following encouraging results in the treatment of familial adenomatous polyposis, a condition 
which is associated with colon cancer. The two companies expect to file an NDA later this 
year for the reduction of colon polyps in patients with a genetic predisposition to the disease. 
Merck is planning to develop rofecoxib for the prevention of colon polyps and tumours. It 
expects to begin Phase II trials later this year. 

Merck already has two Phase II studies of rofecoxib underway in Alzheimer's The first is 
investigating whether it can prevent or delay the onset of the disease in at-risk patients (those 
with mild cognitive impairment). The second is evaluating whether rofecoxib can slow the 
progression of the symptoms of Alzheimer's in patients diagnosed with the disease. 
Celecoxib is also being investigated for the treatment of Alzheimer's in a study that began 2 
years ago. 

Other indications being studied are sporadic adenomatous polyposis, bladder cancer, actinic 
keratosis and Barrett's oesophagus. 
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4.2 Anti-TNF agents 

The role of TNF-a in the inflammatory process and its role in the pathogenesis of rheumatoid 
arthritis was discussed in Chapters 1 and 2 respectively. It is discussed here with respect to 
progress in the development of novel anti-TNF agents as a new treatment option. 

In healthy individuals, TNF-a is secreted in response to an infection in order to ward off 
bacteria or viruses. However, in patients with rheumatoid arthritis, it is found at high levels in 
the synovial fluid surrounding the affected joints and is involved in the cascade of 
inflammatory events that eventually destroy joint tissue. The possibility that TNF-a might be 
implicated in the pathogenesis of rheumatoid arthritis arose from a number of observations in 
vitro (Brennan & Feldmann, 1992; Arend & Dayer, 1995). TNF-a is produced primarily by 
the synovial macrophages. It is able to induce the proliferation of synovial cells (the 
fibroblast-like cells that line the joint) and to increase their production of PGs and other 
cytokines (Nawroth et al 1986; Brennan et al, 1989). It also stimulates the production of 
collagenases and metal loproteinases (enzymes that damage bone and cartilage) from 
neutrophils, fibroblasts and chondrocytes (Dayer et al, 1985; Ahmadzadeh et al, 1990; 
Alvaro-Gracia et al, 1990; MacNaul et al, 1992; Shingu et al, 1993). It stimulates fibroblast 
growth (Vilcek et al, 1986) and induces resorption of bone and cartilage (Bertolini et al 
1986). 



In summary, TNF-a: 



• Prompts cells in the affected joint (neutrophils, fibroblasts and chondrocytes) to produce 
enzymes (collagenases and metal loproteinases) that damage bone and cartilage 

• Triggers the release of other substances (PGs) that contribute to joint injury and 
inflammation 



• Directs the production of other cytokines, thereby perpetuating the cascade of 
inflammatory events (IL- 1 and GM-CSF) 

These effects are summarised in Figure 4.2. 
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Figure 4.2: The biological effects of TNF-a 
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Source: Choy et al. Monoclonal antibody therapy in rheumatoid arthritis. British Journal of Rheumatology 
1998: 37, 484^490. Published with the permission of the authors and Oxford University Press. 
Note: VCAM-1 = vascular adhesion molecule- 1. 

TNF-a has therefore become a therapeutic target for developing drugs for rheumatoid 
arthritis. Treatments that inhibit its activity are the first biological agents to represent a major 
therapeutic advance in the treatment of the disease. The discovery of two soluble TNF 
receptors, p55 TNFR and p75 TNFR has been exploited for therapeutic purposes by using 
DNA technology for the construction of dimeric TNFR-Fc immunoglobulin fusion proteins 
as TNF inhibitors. 

The new anti-TNF drugs act like sponges to mop up the high concentrations of TNF found in 
affected joints. By doing so, they reduce the inflammation - the signs and symptoms of 
disease. There is hope that they will also delay disease progression, although this has yet to 
be shown. 

4.2.1 Launched and emerging anti-TNF agents 

Immunex's Enbrel (etanercept) has recently been launched for rheumatoid arthritis and there 
are also two more products targeting TNF coming through the R&D pipelines. These are 
Centocor's Remicade (infliximab), which is in Phase III clinical trials, and Knoll/CAT's 
D2E7, which is in Phase II studies. The three products represent a new approach to the 
treatment of rheumatoid arthritis and were described as a breakthrough at the November 1998 
meeting of the ACR in San Diego, California (Scrip 2389, 20 November 1998 pp24-25). 
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Although all three of these anti-TNF drugs act broadly in the same manner, by mopping up 
excess TNF in the affected joints of rheumatoid arthritis patients, they achieve that effect by 
slightly different mechanisms. They also differ in structure and mode of administration. 

Etanercept is a TNF receptor p75 fusion protein which competitively inhibits the binding of 
TNF to TNF receptor sites. It consists of part of an antibody (IgGl isotype) attached to a 
soluble TNF receptor. It is not antigenic but has a shorter half-life than a true antibody. It 
neutralises both forms of TNF, namely, TNF-a and TNF- p. 

In contrast, infliximab and D2E7 are both monoclonal antibodies (IgGl isotypes) specifically 
targeting TNF-a. Infliximab is a chimaeric product (about two-thirds human and one-third 
mouse), whereas D2E7 is fully human. These differences are thought to account for 
differences in antigenicity. Infliximab doses are spaced at long intervals and are given 
together with methotrexate to reduce the response that the body mounts to the product, 
whereas D2E7 is administered on its own and has been given chronically without tolerance 
developing. 

All three products, as proteins, have to be given parenterally, but the route varies. Etanercept 
and D2E7 can be injected subcutaneously, etanercept twice weekly, D2E7 once a week. Both 
of these products can be self-administered by the patient at home, although D2E7 has also 
been given by intravenous bolus, which would necessitate a clinic visit. On the other hand, 
infliximab is given every 4-8 weeks but must be infused, thus requiring a visit to the clinic. 

Although the anti-TNF drugs have been hailed as a breakthrough in the treatment of 
rheumatoid arthritis, their potential for halting this crippling disease has yet to be 
demonstrated. The data so far focus on disease activity, for which the drugs are effective, but 
whether they have an effect on disease progression has yet to be determined. Theoretically, 
by blocking TNF at an early stage of the inflammatory cascade, they should halt the 
destruction that leads to joint erosion. The specificity of this action should make them better 
tolerated than the DMARDs currently in use. 

4.2.1.1 Etanercept 

Etanercept is a soluble recombinant human p75 TNF receptor and human IgGl Fc portion 
fusion protein. It is composed of two TNF-binding domains derived from the p75 TNF-a 
receptor fused with the Fc fragment of human immunoglobulin (Moreland et al, 1997a). It 
has just been launched in the US (Scrip 2385, 6 November 1998 pi 4), where it is co- 
promoted by Immunex and Wyeth-Ayerst, and is now awaiting registration in the EC, where 
it will be marketed by Wyeth-Ayerst. In the US, it is licensed for moderate to severe 
rheumatoid arthritis in patients who have had an inadequate response to one or more 
DMARDs. The US labelling for etanercept, the first of the anti-TNF products, suggests that 
at present, it is considered a third-line option, to be used after NSAIDs such as ibuprofen and 
diclofenac and after DMARDs such as sulphasalazine and methotrexate, and Hoechst Marion 
Roussel's newly launched leflunomide. 

Although etanercept can be used in combination with methotrexate in patients who do not 
respond adequately to methotrexate alone, it is not yet recommended for use in combination 
with other DMARDs. This is because it has so far only been studied with methotrexate. 
Glucocorticoids, salicylates, NSAIDs or analgesics may be continued during treatment with 
etanercept. 
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The market analysts, CDBC Oppenheimer, have argued that, as methotrexate is the gold 
standard for severe rheumatoid arthritis, the safety of etanercept in combination with 
methotrexate needs to be established in order to extend etanercept's use. Since it is currently 
only available to patients who have failed therapy with other agents (about 500,000 patient's 
in the US), it needs to be extended to all patients receiving treatment (an additional 700,000 
patients). These are mostly being treated by primarv care physicians (Scrip 2360, 1 2 August 
1998p20). 

. . . clinical trials 

Approval of the drug was based on data from 745 patients who took etanercept as part of 
three previously reported randomised, placebo-controlled clinical trials (Scrip 2372, 23 
September 1998 p25). In all, 1,381 patients participated in the three trials, 1,039 of whom 
received etanercept. 

The most recent of the three studies was designed to confirm the benefit of etanercept therapy 
of longer duration and simplified dosing in patients with rheumatoid arthritis (Moreland et al, 
1999). It was a randomised double-blind, placebo-controlled trial with blinded joint assessors 
and involved 234 patients with active rheumatoid arthritis who had not responded to 
DMARDs. The treatment was twice-weekly subcutaneous injection of either lOmg or 25mg 
etanercept or placebo for 6 months. Etanercept significantly reduced disease activity in a 
dose-related manner. At 3 months, 62% of rheumatoid arthritis patients who received 25mg 
etanercept and 45% who received lOmg, showed a 20% improvement and patients on placebo 
had a 23% improvement. Disease improvement was measured as the ACR20 response which 
represents a 20% reduction in a number of parameters including number of swollen and 
tender joint counts, assessments made by physicians and patients, as well as laboratory 
markers of inflammation and pain. Secondary endpoints are the ACR50 and ACR70 
responses, representing 50% and 70% reductions respectively. These criteria have been 
described by Ramey et al (1996b). 

After 6 months, 59% of patients on 25mg of etanercept and 51% on lOmg showed a 20% 
improvement. Patients on placebo had an 11% improvement after 6 months. Similarly, in 
response to a health assessment questionnaire, 44% of patients receiving 25mg of etanercept 
and 27% of those receiving lOmg, reported significant improvement in physical function. 
Thirty percent of patients on 25mg and 25% on lOmg said they experienced increased 
vitality. These results are summarised in Table 4.3. 



Table 4.3: Summary of results of a Phase HI clinical trial with etanercept 





lOmg etanercept 


25mg etanercept 


Placebo 




(% response) 


(% response) 


(% response) 


ACR20 (at 3 months) 


20 


62 


23 


ACR20 (at 6 months) 


51 


59 


11 


Improved physical function 


27 


44 


Not reported 


Increased vitality 


25 


30 


Not reported 



Source: Scrip 2372, 23 September 1998 p25. 



Immunex claims that the results clearly show a dose-related response. Patients receiving the 
lower dose of etanercept responded better than those on placebo. The most common drug- 
related side effect was reported to be injection site reaction. Most reactions were mild and 
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occurred within the first 4 weeks of treatment and more than half the patients had no such 
reactions. More serious were 22 cases of upper respiratory tract infection. The infections 
were the same as those seen in other rheumatoid arthritis patients. One 54-year old woman 
with rheumatoid arthritis who received etanercept died of severe sepsis. Whether the death 
was caused by the product or the seriousness of her disease is unclear. Seven cases of cancer 
developed among the 745 patients who received etanercept, a rate similar to that of the 
general population. 

At the ACR meeting (San Diego, November 1998), new data were presented from an ongoing 
2-year open-label safety study of etanercept, which, according to Immunex and Wyeth- 
Ayerst, confirmed its good tolerability. Results were presented for 51 patients who had 
completed more than 2 years of treatment. A further 32 patients are continuing, but have not 
reached this time point yet, and 22 of the original 105 have dropped out or been lost to 
follow-up. Efficacy was assessed on the Paulus response composite score (which requires a 
greater than 20% improvement in four of six parameters such as tenderness and swelling of 
the joints, morning stiffness, etc). Of the 51 patients completing 2 years of treatment, 88% 
had a Paulus response of 20% (meaning at least a 20% improvement in clinical parameters), 
65% had a response of 50%, and 39% experienced a response of 70%. The companies 
observed that adverse event rates were consistent with other etanercept studies, and that there 
was no increase in adverse drug reactions (ADRs) with prolonged use. The most frequently 
reported ADRs were mild to moderate injection site reactions. 

Patients treated with methotrexate often improve but continue to have active disease. In 
March 1998, Immunex reported positive results from a US trial comparing methotrexate 
alone with etanercept plus methotrexate in the treatment of persistently active rheumatoid 
arthritis (Scrip 2360, 12 August 1998 p20). This Phase II/III study, now published by 
Weinblatt et al (1999), involved 89 patients treated in a 2:1 randomisation with 25mg of 
etanercept or placebo twice a week with methotrexate. The primary measure of clinical 
response was the ACR20 response. Data at 24 weeks showed that 71% patients receiving 
etanercept with methotrexate and 27% of those receiving placebo plus methotrexate achieved 
the ACR20 criteria. Thirty nine percent of the patients receiving etanercept plus methotrexate 
and 3% of those receiving placebo plus methotrexate met the ACR50 criteria. Overall, 
patients receiving etanercept plus methotrexate had a significant decrease in disease activity 
and an increase in functional ability, compared with those treated with methotrexate alone. 
There was no significant difference in the incidence of side effects between the two treatment 
groups. 

Immunex is collecting X-ray data on disease progression from an ongoing study of etanercept 
in 600 patients with early rheumatoid arthritis and intends to file a supplemental US NDA on 
the basis of these results, which are expected in the first half of 1999 (Scrip 2370 16 
September 1998 p22). 

... use of etanercept in juvenile rheumatoid arthritis 

Immunex has filed a supplemental biologies licence application with the US FDA to obtain 
marketing approval for the use of etanercept in children and teenagers (aged 4-17 years) with 
moderately to severely active polyarticular course juvenile rheumatoid arthritis (Scrip 2392, 2 
December 1998, p27). The agency has already notified the company that this indication will 
qualify for orphan drug status in the event that the supplemental application is approved. 
About 50,000 children in the US have juvenile rheumatoid arthritis. 
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As expected, the cost of etanercept is well above that of other rheumatoid arthritis therapies. 
At an average wholesale price of SI 10 per vial, and with a dosing regimen of one 25mg 
subcutaneous injection twice weekly, the drug will cost patients $11,440 plus a pharmacy 
mark-up annually. It remains unclear to what extent managed care insurers will cover the 
drug. Since the price of etanercept is expected to be very high patients will probably require 
private insurance to afford it. 

. . . market potential 

Assuming a 5% market penetration of an estimated 600.000 rheumatoid arthritis patients in 
the US, who have failed on methotrexate, an annual pricing in the $10,000 range would 
generate $300 million. CIBC Oppenheimer has estimated sales of etanercept in 1999 at $146 
million and in 2000 at $275 million (Scrip 2384, 4 November 1998 plO). Further information 
is given in Chapter 6. 

. . . competition 

Etanercept will compete with Hoechst Marion Roussel's oral isoxazole, leflunomide, which 
was launched in the US at the end of September 1998 for reducing the signs and symptoms of 
the disease and retarding structural damage: this is the first oral treatment approved 
specifically for slowing progression of rheumatoid arthritis (Scrip 2370, 16 September 1998 
p22). Although leflunomide is a non-specific DMARD, it has a claim for delaying structural 
damage backed by X-ray evidence, is taken orally and costs around $3,000 annually. 
Etanercept on the other hand, is administered by subcutaneous injection twice a week, and is 
expensive, costing more than $1 1,000 annually. 

. . . safety 

The warnings section of the data sheet notes that etanercept should be discontinued if a 
patient develops a serious infection. In a study of 49 patients with rheumatoid arthritis treated 
with etanercept, there was no evidence of depression of delayed-type hypersensitivity, 
depression of immunoglobulin levels, or change in enumeration of effector cell populations. 
The impact of treatment with etanercept on the development and course of malignancies and 
infections is not fully understood. The safety and efficacy of etanercept in patients with 
immunosuppression or chronic infections has not been evaluated. 

. . . new studies 

lmmunex has commenced a study of etanercept in early rheumatoid arthritis in about 600 
patients. Results are expected in the first half of 1999. 

4.2.1.2 Infliximab 

Infliximab is a mouse MAb against TNF-a grafted on to a human immunoglobulin constant 
(Fc) region. The antibody binds to TNF-a and neutralises its activity. It has a different 
mechanism of action from lmmunex' etanercept. Although both are anti-TNF agents, 
etanercept, as indicated above, is composed of two soluble TNF receptors connected to a 
fixed chain of an antibody and works by mopping up excess TNF in the bloodstream. 
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Infliximab, on the other hand, is a chimaeric antibody and binds both to TNF in the 
bloodstream and to cell-bound TNF. 

Infliximab was launched in the US, in October 1998 for the treatment of Crohn's disease (see 
below). The product is expected to be available in Europe in the first half of 1999 (Scrip 
2378, 14 October 1998 p20) where it will be marketed by Schering-Plough. A regulatory 
submission with the FDA for the use of infliximab for the treatment of rheumatoid arthritis is 
planned for January 1999 with a possible market launch by the end of 1999. The company 
intends to seek approval for rheumatoid arthritis initially in refractory patients (Scrip 2^78 
14 October 1998 p20). 

. . . clinical trials 

The basis of the rheumatoid arthritis submission was data from the 30- week Phase III 
ATTRACT (Anti -TNF Trial in Rheumatoid Arthritis with Concomitant Therapy) study, 
reported in Scrip 2389, 20 November 1998 pp24-25, and presented at the ACR meeting in 
San Diego, November 1998. The study spanned North America and Europe and involved 428 
patients with progressive or advanced rheumatoid arthritis who were particularly difficult to 
manage. All patients had active rheumatoid arthritis (usually for more than 3 years), despite 
treatment with methotrexate. They were treated with methotrexate together with either 
infliximab, 3mg/kg or lOmg/kg, infused every 4 or 8 weeks, or placebo. 

Consistent benefits were seen in patients receiving infliximab compared with placebo, with 
significant reductions in the signs and symptoms of rheumatoid arthritis. The primary 
endpoint of the study was the ACR20 response. Secondary endpoints were ACR50 and 
ACR70 responses. 

Significant differences were seen in all three measures; an ACR20 response was seen in 52% 
of infliximab patients compared with 20% in placebo treated patients, an ACR50 response in 
2S% compared with 5%, and an ACR70 response in 12% compared with 0%. 

Significant differences were seen in many of the disease parameters. For example, swollen 
joints were reduced by 57% in patients on infliximab compared with 20% on placebo, and 
tender joint counts were reduced by 61% compared with 26% respectively. The most 
common adverse events included respiratory tract infection, headache, nausea, sinusitis, rash 
and cough. Similar rates were seen in infliximab and placebo groups for serious adverse 
events (11% compared with 16%), serious infections (4% compared with 6%) and infusion 
reactions (5% compared with 2%). 

The results are particularly noteworthy because all patients in the trial had advanced disease. 
The majority of patients responding to infliximab did so within 2 weeks of the first infusion. 

The company noted that the 3mg/kg infusion every 8 weeks gave optimum results. The 
ATTRACT trial will continue for another 18 months to evaluate long-term use of the drug 
and also to determine whether therapy with infliximab will ultimately lead to prevention of 
structural damage and improvement in functional ability. 

. . . neutralising antibodies 

Since infliximab is a chimaeric MAb to the TNF-a molecule, its long-term use in rheumatoid 
arthritis may be limited by neutralising antibodies. The FDA has shown concern about the 
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appearance of serious adverse effects in a small group of Crohn's disease patients treated in 
early clinical trials with infliximab and then re-treated 2-4 years later. The reactions appeared 
to be related to development of an immune response to infliximab. As a result, at the request 
of the FDA, Centocor has issued a 'Dear Doctor' letter in the US regarding a potential 
immune reaction following re-treatment with infliximab after an extensive period without 
treatment (Scrip 2390, 25 November 1998 pp20-21 ). 

However, Centocor stressed that in an ongoing Phase III study. 340 patients have been re- 
treated every 4-8 weeks for a period of more than 6 months with a lyophilised formulation of 
infliximab similar to the currently marketed product. None of these patients has developed a 
similar set of delayed adverse events. Centocor believes that this is a good indication of how 
the drug behaves in a re-treatment setting. This trial is scheduled to continue for another 18 
months. 

Analysts are suggesting that while the data presented so far appear to indicate that re- 
treatment concerns are not a big issue in rheumatoid arthritis, it is too early to say that the 
long-term situation may be. 

. . . market potential 

Hambrecht & Quist analysts forecast that an approval for rheumatoid arthritis for the most 
severe patients could add S21 million in worldwide sales in 1999 and $158 million in 2000, 
bringing total infliximab sales to SI 30 million and $284 million in 1999 and 2000 
respectively. Most of the rheumatoid arthritis sales for 1999 and 2000 are expected to be in 
the US {Scrip 2378, 1 4 October 1 998 p20). 

. . . infliximab and Crohn's disease 

Infliximab has already been launched in the US for the treatment of patients with active 
Crohn's disease and information is available concerning its safety and side effects which are 
relevant to rheumatoid arthritis. 

Crohn's disease is a serious, chronic inflammatory disease of the small and large intestine, as 
well as other parts of the digestive tract. Its cause is unknown. The indication includes 
patients with fistulae. These are painful channels that open between the bowel and the skin, 
mostly in the perianal area, causing drainage of mucous and/or faecal material (Scrip 2378, 
14 October 1998 p20). An estimated 200,000 people in the US, and an equal number in 
Europe, have the disease and between 5,000 and 10,000 new cases per year are reported in 
the US (Scrip 2340, 3 June 1998 p25). About 15-30% of patients have the fistulising form of 
the disease. 

To date, no drug has been approved specifically for Crohn's disease, which is classified as an 
orphan disease in the US. Corticosteroids, immunosuppressive drugs and antibiotics, 
particularly metronidazole, are frequently prescribed, and all have significant toxicity. 
Infliximab is the first new drug for this indication in 30 years. 

Data presented to the FDA by Centocor were from two large placebo-controlled trials in 
Crohn's disease, C0168T16 (or T16) and CO168T20 (or T20) (Scrip 2340, 3 June 1998 
p25). In study T16, 108 patients who had failed on other treatments were randomised to 
placebo, or one of three doses of infliximab, formerly known as Avakine, (5mg/kg, lOmg/kg, 
or 20mg/kg). The primary endpoint was a clinical response at 4 weeks, defined as at least a 
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70-point decrease in Crohn's Disease Activity Index (CDAI) compared with baseline. (The 
CDAI is a composite score of signs and symptoms ranging from 0 to 600; patients with CDAI 
scores over 300 are considered to be in poor condition.) This 70 point decrease was achieved 
in 17% of placebo patients, 81% of those on the 5mg/kg dose of infliximab (p=0.001 ), 50% 
on the lOmg/kg dose (p=0.045) and 64% on the 20mg/kg dose. At the 5mg/kg dose, 48% of 
patients achieved clinical remission (CDAR150), compared with 4% of patients on placebo. 
For all three infliximab-treated groups combined, 65% of the patients demonstrated a clinical 
response (p=0.001) and 33% achieved clinical remission (p=0.005). 

In study T20, 94 patients with draining fistulae were randomised to placebo or infliximab at 
doses of 5mg/kg or lOmg/kg. Patients were evaluated every 4 weeks until week 18 and 
responders continued through week 26 for additional evaluation. The primary endpoint was at 
least a 50% reduction in the number of open fistulae for at least two consecutive evaluation 
visits. This occurred in 26% of placebo patients, 68% of those on infliximab 5mg/kg 
(p=0.002), and 56% of those on lOmg/kg (p=0.021). At the 5mg/kg dose, 55% of patients had 
a complete response (all fistulae closed for two consecutive study visits). For both infliximab 
groups combined, 62% of patients achieved the primary endpoint (p=0.002), and 46% had a 
complete response (p=0.001). These findings were said to represent the first time that a 
statistically significant therapeutic benefit has been demonstrated in the closure of draining 
fistulae. 

It was noted that 12 deaths occurred among the 462 patients who received infliximab in the 
Centocor trials compared with no deaths among the 61 placebo patients. Three deaths were in 
the Crohn's trials (one cardiac, one malignancy, and one pulmonary) and nine were in the 
rheumatoid arthritis trials (four cardiac, three malignancy, two pulmonary). Also, one death 
occurred in an National Institutes of Health (NIH) AIDS trial. Nine malignancies occurred in 
infliximab patients compared with none in placebo patients. Serious infections were also 
more frequent in infliximab patients (15 cases, including five of pneumonia and two of 
cellulitis) compared with two in placebo patients. There were also more infusion reactions 
(headache, nausea, dizziness, flushing, chest pain, hypertension and abdominal pain) with 
infliximab (72 compared with nine with placebo). Four of the infusion reactions among 
infliximab patients (including three cardiopulmonary reactions in the Crohn's trial) were 
considered serious. It was suggested that the infusion reactions might be associated with 
antibodies formed against mouse elements in the infliximab protein. Of 80 patients who 
developed these antibodies, 36% had an infusion reaction, compared with 1 1 % of the 203 
patients who did not form such antibodies. 

Two other antibodies were of concern to the FDA because of their association with 
destructive autoimmune reactions. These were anti-nuclear antibodies (ANA) and antibodies 
against double-stranded DNA (dsDNA) which are characteristic of systemic lupus 
erythematosus. Lupus was reported in one patient in the Crohn's trials and one in the 
rheumatoid arthritis trials. There was an overall net increase in ANA seropositivity in 
infliximab patients, occurring in 36% of patients at the end of the trials compared with 24% 
at baseline. No placebo patient became positive to anti-dsDNA antibody, compared with 33 
patients who received infliximab and 13 of these remained positive at their last visit. For 
these antibody formations, there was an association with use of immunosuppressants, which 
are commonly taken by patients with Crohn's disease and rheumatoid arthritis. 

The approved labelling and dosage recommendations allow a patient with fistulae to receive 
three infliximab infusions. Those with moderate to severe active Crohn's receive a single 
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infusion to start, but there is nothing to stop a physician from re-treating these patients if their 
disease becomes active again. 

The US list price of infliximab to wholesalers is S450 per vial, and the average Crohn's 
patient will require three to four vials per infusion, at a cost of $1,350-$ 1,800 plus a 
pharmacy mark-up. Patients with fistulae will require three infusions (at weeks 0, 2 and 6), 
while patients without fistulae are likely to require one infusion. The recommended dosage 
for patients with non-fistulising moderate to severe, active Crohn's disease is a single 
infusion of 5mg/kg of infliximab. The dosage for patients with fistulising disease is an initial 
dose of 5mg/kg followed by additional doses of 5mg/kg at 2 and 6 weeks after the first 
infusion. The data sheet states that the safety and efficacy of more than three doses of 
infliximab is unknown, so Centocor will need additional data to support its use other than for 
the short term. The product is expected to make a significant difference to the lives of people 
with Crohn's disease because it can close fistulae. 

The company predicts 1999 worldwide sales of about $120-S140 million, most of which will 
be in the US, with a launch in Europe expected in the second half of 1999. 

Some analysts feel that infliximab's indications are somewhat narrow. It is approved for 
reducing signs and symptoms in patients with moderately to severely active Crohn's disease 
who have an inadequate response to conventional therapy, and for reducing the number of 
draining enterocutaneous fistulae in patients with fistulising Crohn's disease. 

Given the narrow indications, analysts at CIBC Oppenheimer expect peak US sales of 
infliximab to be around $100 million per year for Crohn's disease. This is based on an 
estimated 70,000 patients in the US diagnosed at any one time with active moderate to severe 
Crohn's. They predict year-end US sales of $10 million in 1998, and $60 million for 1999. 

Hambrecht & Quist analysts predict US sales of $28 million in 1998 (representing a 12% 
penetration into the market for patients with fistulae and a 6% penetration into the moderate 
to severe population). By 1999, they forecast worldwide sales of $1 10 million ($102 million 
of these in the US), which includes about $20 million in potential revenues from off-label use 
in rheumatoid arthritis. They predict sales to rise to $125 million by 2000. In Europe, they 
forecast, sales will be approximately 20% of US sales. 

. . . other markets 

In 2000 Centocor plans to bring infliximab into clinical trials for psoriasis, asthma and 
ulcerative colitis and other forms of IBD. 

4.2.1.3 D2E7 

Further back in development is D2E7, originally made by Cambridge Antibody Technology 
in the UK, but now being developed and commercialised by Knoll AG (BASF Pharma). 
D2E7 is in Phase II trials for rheumatoid arthritis in the US and Europe, and is also under 
investigation for sepsis and IBD. 

Data from Phase II studies involving a total of 140 patients with active rheumatoid arthritis 
presented at the ACR meeting in San Diego in November 1 998, showed that D2E7 was safe 
and effective in reducing disease activity when administered either intravenously or 
subcutaneously (Scrip 2389, 20 November 1998 pp24-25). Both routes of administration 
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were equally effective. Chronic treatment was given either by subcutaneous injection once a 
week for a period of 3 months, or by an intravenous bolus injection once every 2 weeks (or at 
longer intervals, depending on response) for a period of 6 months. The minimum effective 
dose was 0.5mg/kg. 

In these chronic treatment open-label studies, up to 80% of patients achieved and sustained a 
'clinically significant good response'. The response to treatment was measured on the 
European Disease Activity Score (DAS), which includes joint counts, patient pain scores and 
laboratory measures. A 'good response' to treatment was defined as a fall below 2.4 on the 
DAS (which is broadly similar to the US ACR20 response). 

The patients taking part in the studies had a mean DAS of 5.4 before treatment, with an 
average duration of disease of 10-11 years, and had already tried three to four different 
DMARDs (but underwent a wash-out period before starting the trial). In addition, a 60% 
reduction in the number of swollen and tender joint counts was observed. 

In the single dosing study with an intravenous bolus injection, a response to treatment was 
seen within 24 hours. This contrasts with the weeks, sometimes months, that elapse before 
responses to DMARDs are observed. 

Peak sales potential of D2E7 is estimated at $335-447 million (DM 600-800 million) (Scrip 
2380,21 October 1998 pi 0). 

4.2.2 Limitations of anti-TNF-a drugs 

In general, anti-TNF therapeutics are well tolerated during and immediately after 
administration. However, TNF-a has evolved to perform specific functions and blocking its 
action in arthritic joints could have unwanted side effects. For instance, opportunistic 
infections and increased malignancies are possibilities despite the fact that there is as yet no 
substantial evidence for this. Also of concern is the induction of anti-nuclear and anti-DNA 
antibodies and in some cases, systemic lupus erythematosus by these drugs (see Section 
4.2.1.2 on Crohn's disease). Further to this, these drugs must be administered parenlerally 
which is a disadvantage for long-term treatment. It is most likely that these drugs will be used 
to control very aggressive disease in conjunction with conventional drugs (Firestein & 
Zvaifler, 1997). With respect to our understanding of the pathogenesis of rheumatoid arthritis 
and developing new drugs, TNF-a can be considered an important new therapeutic target for 
the new millennium. 

4.3 New DMARDs 

4.3.1 Leflunomide 

Hoechst Marion Roussel's oral DMARD, leflunomide, has been launched in the US, its first 
market. Leflunomide is the first drug to be indicated for delaying structural damage in 
rheumatoid arthritis, and is the first DMARD to be approved for more than a decade (Scrip 
2387, 13 November 1998 pi 9). It was cleared by the FDA in September 1998 (Scrip 2370, 16 
September 1998 p22), having been unanimously recommended for approval by the FDA's 
arthritis advisory committee in August (Scrip 2360, 12 August 1998 pi 9). The product is 
awaiting registration in Europe, where a centralised filing was made in February 1998. First 
European approvals are expected around mid- 1999. 
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Leflunomide has a new mechanism of action for a DMARD; it acts selectively on 
lymphocytes, and interferes with their ability to produce the adverse response that ultimately 
leads to joint damage. It is a pro-drug; its active metabolite (A77 1726) is a reversible 
inhibitor of the enzyme dihydroorotate dehydrogenase (DHODH), which is involved in de 
novo pyrimidine synthesis and is consequently essential for RNA synthesis. At low levels of 
ribonucleotides, p53, a 'sensor' molecule is activated and prevents progression through the 
cell cycle, arresting the cells at the G f phase. This leads to inhibition of lymphocyte 
proliferation, a key event in the pathogenesis of rheumatoid arthritis. Cells such as activated 
T-cells that predominantly synthesise pyrimidines by the de novo pathway appear to be 
especially sensitive to the effect of leflunomide. Further details can be obtained from a paper 
by Fox (1998). 

4.3.1.1 Clinical trials 

Approval of the drug was based on the results of three randomised, Phase III, pivotal trials in 
which a loading dose of lOOmg/day of leflunomide was given to patients at the beginning of 
their treatment, followed by a maintenance dose of 20mg/day (all trials were reported in Scrip 
2360, 12 August 1998 pi 9). Trial 301 US, conducted in the US and Canada, compared 182 
patients on leflunomide with 118 patients on placebo and 182 patients on 7.5-15mg of 
methotrexate per week for 12 months (reported by Weaver et al at the ACR meeting in San 
Diego, November 1998). Patients who completed 12 months are being followed, still blinded, 
for 24 months. Trial 301 MN, conducted in Europe, South Africa and Australia, compared 
133 patients on leflunomide with 92 patients on placebo and 133 patients on 0.5-2g of 
sulphasalazine per day for 6 months, after which patients on placebo were allowed to switch 
to sulphasalazine (published by Smolen et al, 1999). Active treatment groups were followed 
blinded, for 12 months. Trial 302MN, conducted in Europe and South Africa, compared 501 
patients on leflunomide with 498 patients on 7.5-15mg of methotrexate per week for 12 
months. The primary outcome measure was the success rate in achieving ACR response 
criteria. In study 301 US, 41% of the leflunomide arm, 19% of those on placebo, and 35%- on 
methotrexate achieved ACR success (completed 12 months of treatment and ACR responder 
at endpoint). In study 301 MN, this was achieved by 49% of leflunomide patients, 29% on 
placebo, and 45% on sulphasalazine. However, in study 302MN, only 43% of leflunomide 
patients compared with 57% on methotrexate achieved ACR success. 

In trial 301 US, the effects of therapy were measured on a Health Assessment Questionnaire 
which included questions on everyday activities such as dressing, walking, eating etc. 
Patients on leflunomide had, statistically, significantly better physical function compared 
with those on placebo and methotrexate (35% versus 2% versus 20% respectively) over the 
whole 12-month period. In the same study. X-ray analysis of bone erosion and joint space in 
the hands and feet showed that patients on leflunomide had significantly less disease 
progression than those on placebo and also less than those on methotrexate (0.5% versus 
2.2% versus 0.9% respectively). The lead investigator, Dr Arthur Weaver, medical director of 
the Arthritis Centre of Nebraska said that these data showed that leflunomide has the capacity 
to interfere with the disease process and slow the progression of disability. He pointed out 
that it would allow many rheumatoid arthritis patients to maintain their independence and 
continue to lead active lives. 

Even though leflunomide was at least equivalent to methotrexate and sulphasalazine in 
studies 301US and 301MN (p<0.01), the negative results of 302MN confounded any 
equivalency claim. However, the significant results of the two placebo-controlled trials did 
allow a claim that leflunomide is more effective than placebo. The claim that leflunomide 
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slows the structural damage of rheumatoid arthritis was based on paired X-rays taken at 
baseline and at completion of the study. 

Adverse events seen in patients taking leflunomide were generally considered mild to 
moderate, (according to Hoechst Marion Roussel's consultant, Dr Marc Hochberg of the 
University of Maryland, who was a member of the US study's drug safety monitoring board). 
The most frequent adverse event was diarrhoea, in up to 27% of patients in placebo- 
controlled studies. In 1,339 patients treated in Phase II and III trials, other common adverse 
events seen were abdominal pain, rash, reversible alopecia, and elevated liver transaminases. 
Withdrawals for patients randomised to leflunomide were comparable to withdrawals in those 
who received methotrexate and fewer than those seen with sulphasalazine. The overall 
incidence of infections was high in the Phase HI studies but at the therapeutic doses used in 
the trials, there was no evidence of more infections in the leflunomide treatment group than in 
the other study arms. 

Liver function test results differed dramatically between studies. In study 30 1 US, more 
patients on leflunomide had higher alanine transaminase (ALT) and aspartate transaminase 
(AST) elevations (27.5% and 20.4% respectively) than those on placebo (8.4% and 7.6% 
respectively) or methotrexate (20.3% and 13.6% respectively). In study 302MN, more 
patients on methotrexate had higher ALT and AST elevations (48.5% and 35.6% 
respectively) than patients on leflunomide (21.4% and 15.6% respectively). The contradictory 
results may have been due to the fact that there were different lengths of treatment, different 
levels of folate supplementation (over 90% in the US compared with about 10% in Europe) 
and different monitoring procedures. Elevated liver transaminase levels are the most severe 
side effect with leflunomide although they are reversible on discontinuation. ACR guidelines 
for monitoring methotrexate give specific indications for obtaining a liver biopsy, which was 
performed in the 301 US protocol. One patient on leflunomide and one on methotrexate met 
the recommended biopsy guidelines. Twenty deaths occurred among patients who received 
leflunomide, compared with 20 on methotrexate, three on sulphasalazine and two on placebo. 
However, the incidence per 100 patient-years was 0.96 for leflunomide, 2.14 for 
methotrexate, 1.16 for sulphasalazine and 0.88 for placebo. 

Dr David Scott, Professor of Clinical Rheumatology at King's College, London, summarised 
data from the trials presented at the ACR meeting as follows: He reported that leflunomide 
produced a significant slowing of progression of rheumatoid arthritis and was shown to 
interfere at all stages of the disease process, including the early stages. It was clearly 
effective, and acted rapidly, within the first 6 months of treatment, as documented by X-ray 
data. Clinical trials in more than 13,000 patients had shown leflunomide to be significantly 
better than placebo on a range of measures, and equivalent to, or better than, two available 
DMARDs, methotrexate and sulphasalazine. Dr Scott also noted that leflunomide has a good 
safety profile, with less need for monitoring than other DMARDs. Side effects most 
commonly reported in clinical trials include diarrhoea, alopecia, rash and elevated liver 
enzymes (ALT and AST), so there was a requirement for hepatic function monitoring. In 
contrast, methotrexate and sulphasalazine both require regular monitoring of hepatic and 
renal function, as well as regular blood checks. Dr Scott pointed out that such screening 
raises the cost of overall treatment, adding that for methotrexate the overall cost of treatment 
and monitoring is estimated at around $2,000 per year. In the US, leflunomide costs around 
$8 per day, which works out at around $2,848 per year. 

Leflunomide is indicated for use in adults in the treatment of active rheumatoid arthritis to 
reduce signs and symptoms and to reduce structural damage as evidenced by X-ray erosions 
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and joint space narrowing. It is contraindicated in women who are or who may become 
pregnant, because of teratogenicity. There is also a warning about hepatotoxicity. Treatment 
should be initiated with a loading dose of one lOOmg tablet per day for 3 days, and then 
maintained at 20mg/day. 

4.3.1.2 Other studies with leflunomide 

Leflunomide is also being investigated as an anticancer agent by the US biotech company, 
Sugen, as SU-101. Early-stage clinical trials are being carried out to determine the efficacy of 
the product in prostate, brain, ovarian and non-small-cell lung cancers when administered 
intravenously (Scrip 23 1 2, 25 February 1 998 p22). 

Since many patients cannot take methotrexate or sulphasalazine because of side effects or 
resistance problems, leflunomide will increase the choice of drugs available to them. It has no 
life-threatening complications and its side effects are complementary to those of the other 
drugs, which can affect the lungs and liver. 

4.3.1.3 Market potential 

Hoechst Marion Roussel estimates that worldwide sales of the drug could reach $444 million. 
Within around 6 weeks of its US launch, sales were ahead of projections at $9 million. 

4.4 Comparison summary of emerging arthritis drugs 

The five new drugs are compared in Table 4.4 with respect to cost, route of administration 
and their advantages and disadvantages. 



Table 4.4: Comparison of the major new arthritis drugs reaching the market 



Generic 
name 


Type of drug 


Route of 
administration 


Annual cost 


Advantages 


Disadvantages 


Etanercept 


Anti-TNF 


Subcutaneous 


SI 1,440 + 


Not considered 


Unfavourable route of 




(TNF receptor 


injection 25mg 


pharmacy 


to be antigenic 


administration 




p75 fusion 


twee weekly 


mark-up 


(although some 


Potential problems with 




protein) 






evidence of anti- 

etanercept 

antibodies) 

An alternative to 
DMARDs 


infections and 
malignancies 
High cost 

Presently indicated only 
for patients who have 
failed on two or more 
DMARDs 


Infliximab 


Anti-TNF 


Infused at 


S5,400-8,000 


More effective 


Significantly antigenic 




MAb 


intervals of 8 
weeks (3mg/kg) 


+ SI. 500 
infusion costs 


than etanercept 

Offers an 
alternative 
treatment to 
DMARDs 


(must be given with an 

immunosuppressant eg 

methotrexate) 

High rate of infections 

Undesirable route of 

administration 

Not well tolerated 

Potential problems with 

malignancies 

High cost 



. . . continued 
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Table 4.4: (continued) 



Generic 


Type of 


Route of Annual cost 


Advantages 


Disadvantages 


name 


drug 


administration 






Cclecoxib 




Oral, lOOmg $900— 1 , 1 00 


Superior 


Still has potential for 




inhibitor 


twice dail> 


gastrointestinal 


renal damage 








profile to 


Further data needed on 








naproxen and 


side effects 








diclofenac 










No effect on 










platelet 










aggregation 




Rotecoxib 




Oral once daily $900-1.100 


Superior 


Potential for renal 




inhibitor 


(ID or 3umgj 


gastrointestinal 


damage remains 








profile to 


Further data needed on 








established 


side effects 








NSAIDs 










A broader 










indication than 










celecoxib due to 










longer studies on 










pain relief 




Leflunomide 


DMARD 


Oral once daily $3,000 


Claimed to delay 


Requires liver enzyme 




(pyrimidine 


A loading dose 


structural 


monitoring 






of 1 OOmg for 3 


damage 


Contraindicated in 




^nhibkor) 
i 1 1 or) 


days and then 




pregnancy 






_ mg 


rewer side 


Side effects: diarrhoea. 






maintenance 


effects than other 


alopecia, rash, raised 






dose 


DMARDs 


liver enzymes 








Does not require 










monitoring of 










kidney function 










and blood cell 










counts 





4.5 Other emerging therapies 

4.5.1 Therafectin 

Boston Life Sciences has filed data from an additional Phase III trial to support the pending 
US NDA for its synthetic carbohydrate, Therafectin (amiprilose), for the treatment of 
rheumatoid arthritis (Scrip 2350, 8 July 1998 p25). The original submission, which was filed 
by what was then Greenwich Pharmaceuticals, was rejected by the FDA in 1994 because it 
demonstrated convincing evidence of efficacy in only one clinical trial, not the two required 
for approval. However, the application was not withdrawn. The new data, which were 
released in early 1999, showed that there was a highly significant difference (p<0.02) in the 
percentage of Therafectin patients meeting the 20% Paulus criteria compared with those on 
placebo (Scrip 2303, 23 January 1998 p23). This is achieved by a 20% improvement in four 
of the following six criteria: tender and swollen joint scores, duration of morning stiffness, 
ESR and a two-grade improvement in the patient's and observer's assessment of disease 
severity. 
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Discussions on partnerships for the manufacture, marketing and distribution of Therafectin 
are underway with a number of large companies (Scrip 2318, 18 March 1998 p22), 

4.5.2 Prosorba column 

The first non-drug therapy to treat rheumatoid arthritis is Cypress Bioscience's Prosorba 
column. It is already approved in the US for the treatment of idiopathic thrombocytopenic 
purpura (an immune-related bleeding disorder) and has now been approved by the FDA for 
the treatment of moderate to severe rheumatoid arthritis. It will be used in patients who have 
failed on or are intolerant of DMARDs. 

The column consists of a purified bacterial protein A covalently bonded to silica. The 
treatment involves a two-and-a-half-hour dialysis procedure once a week, where the patient's 
blood is filtered through the Prosorba column. Twelve weekly outpatient sessions are 
recommended, each of which would cost between $700 and $1,000. The patient also needs to 
purchase a new column for each treatment, priced at $1,090 which brings the total cost per 
session to $1,790-2,090. This suggests that it is likely to be used only for more severe cases 
of the condition. In a recently conducted Phase III trial, it was used as third-line therapy for 
patients with chronic rheumatoid arthritis. The double-blind, placebo-controlled trial enrolled 
268 patients and lasted 12 weeks. The primary endpoint was the percentage of patients who 
achieved a 20% improvement in a composite disease severity score, On an intent-to-treat 
basis, patients in the Prosorba group performed significantly better than those in the placebo 
group (33.3% versus 9.3%; p=0.006) and the trial was stopped 1 year earlier than anticipated. 
The exact mechanism of action of the Prosorba column is unclear. It is known that proteins in 
the column bind to IgG and immune complexes, removing them from the bloodstream (Scrip 
2303, 23 January 1998 p21). According to Cypress Bioscience, around 10% of the 2.5 million 
patients in the US with rheumatoid arthritis do not benefit from the current antirheumatic 
drugs but, may benefit from the Prosorba column (Scrip 2422, 24 March 1 999 p 1 8). 

4.6 The market potential of the new arthritis therapies 

Of all the emerging new therapies for arthritis, US analysts perceive the COX-2 specific 
agents - celecoxib and rofecoxib - as certain best-sellers. Analysts also believe that 
Immunex's anti-TNF agent, etanercept, could reach peak sales of $1 billion if certain issues 
are resolved. However, they are less certain about infliximab and leflunomide. 

Analysts views on the potential market for these drugs are given below and their market 
projections are summarised in Chapter 6. 

4.6.1 COX-2 inhibitors 

The COX-2 specific inhibitors will compete directly with NSAIDs to offer symptomatic 
relief in arthritis, for which they are claimed to offer similar efficacy with a much improved 
gastrointestinal profile (Scrip 2393, 4 December 1998 pp20-21). US analysts predict that 
celecoxib and rofecoxib will revolutionise treatment of osteoarthritis, and also have an impact 
on rheumatoid arthritis therapy, despite a premium price in the US of $2.50 to $3 per day. 
There are predictions that the world market for these drugs will grow to $3.3 billion by 2002 
($2.6 billion in the US alone), just 3 years after the first launch. 
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Southeast Research Partners' analysts, estimate 1999 celecoxib sales to be between $300- 
$400 million. Analysts at Morgan Stanley predict that they will reach $650-$800 million 
(Scrip 2404, 20 January 1 999 p20). 

4.6.2 Leflunomide 

Leflunomide, the first new DMARD for more than a decade (Scrip 2387, 13 November 1998 
pi 9), will compete directly against agents such as methotrexate, sulphasalazine and gold 
salts. All these older DMARDs have significant side effects, and a large proportion of 
patients become refractory to treatment. Leflunomide has shown disease modifying activity 
similar to that of methotrexate, with slightly less toxicity, requiring only liver enzyme 
monitoring (not kidney and blood cell counts), but with a similar contraindication in 
pregnancy. Analysts appear to have mixed feelings about leflunomide' s potential and some 
are concerned that physicians will view it simply as a slightly improved version of 
methotrexate. Morgan Stanley Dean Witter suggested earlier in 1998, that leflunomide's 
global sales will reach around $500 million by 2003, but analysts at Salomon Smith Barney 
have lower expectations, forecasting sales of around $236 million by 2002. Anthony Colletta 
of ABN Amro (UK) is a little more optimistic, forecasting first year sales of $145 million in 
1999, rising to $325 million by 2002 and then continuing to grow. 

4.6.3 Etanercept 

US analysts, Mehta Partners, consider that etanercept has tremendous potential. They feel 
that it will initially be viewed by US physicians as a powerful last resort drug for severe 
rheumatoid arthritis but as physicians become more confident that there are no serious side 
effects, they will gradually use it in less severe cases. Although it is expensive and needs to 
be administered by subcutaneous injection twice weekly, it represents a totally new approach 
to the treatment of arthritis. Immunex is expected to file for DMARD status for etanercept 
next year, which would allow it to be used as a first line treatment. If the product shows 
usefulness in both methotrexate-naive patients and patients with earlier rheumatoid arthritis, 
they forecast that it could achieve sales of between $800 million and $1 billion by 2003. 

Schroeder & Co's analyst Jami Rubin believes that price is definitely an issue. She predicts 
that etanercept' s sales will reach $100 million in the first year, moving to $250 million in 
2000 and peaking at $700 million. She also feels that obtaining DMARD status could mark a 
turning point, as many physicians considering the use of a DMARD might ignore both 
methotrexate and leflunomide and move directly to etanercept. However, US analysts from 
CIBC Oppenheimer are not so positive about etanercept, and say that leflunomide will be a 
'formidable competitor' to the Immunex drug. Leflunomide has the advantage of being oral 
(while etanercept is injectable) and is much cheaper, around $3,000 per year versus $1 1,000 
for etanercept. Also, etanercept is at present indicated for use only in patients who have failed 
on two or more DMARDs and they are of the opinion that leflunomide could substantially 
reduce the size of this DMARD-failure population. The analysts point out that etanercept is 
an expensive injectable product in an environment where competing drugs are given orally, 
but that Immunex has priced its product with full knowledge that it will be used by some 
patients who have no other alternatives. They predict 1999 sales for etanercept of $146 
million. Despite their strong belief in etanercept's efficacy, the analysts maintain that they 
still have questions about its long-term safety, since the drug has been associated with 
infections, anti-nuclear and anti-DNA antibodies, and anti -etanercept antibodies. The analysts 
are of the opinion that, for etanercept to reach peak sales of $700 million or even $1 billion, it 
will need to prove its usefulness in treating earlier rheumatoid arthritis, and obtain DMARD 
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status. It must also overcome potential insurance reimbursement problems. As a home-based, 
self-injection therapy, it does not meet some third-party reimbursement criteria, although 
Immunex is working to implement a patient reimbursement programme. On the plus side, 
however, etanercept is the first anti-TNF agent to reach the market, has demonstrated 
significant responses in some patients with severe rheumatoid arthritis and appears to be very 
well tolerated, with only mild injection site reactions. 

4.6.4 Infliximab 

Although infliximab is also an anti-TNF agent, it differs from etanercept in several respects. 
Etanercept is a soluble TNF receptor while infliximab is a chimaeric MAb, which accounts 
for differences in antigenicity and in route of administration. Etanercept has a short half-life, 
and so is administered twice weekly subcutaneously. Infliximab, on the other hand, can be 
given at intervals of 8 weeks, but has to be infused, using special non-PVC tubing (see Scrip 
2387, 13 November 1998 p9). It is also antigenic, with about a quarter of patients developing 
anti-infliximab antibodies when the drug is used alone. For this reason, it has been given 
together with methotrexate, which acts as an immunosuppressant and so reduces the antigenic 
response. Infliximab is already marketed in the US for the treatment of Crohn's disease and is 
in the late stages of development for the treatment of rheumatoid arthritis. There is 
speculation that infliximab for rheumatoid arthritis would cost between $5,400 and S8,000 
per year, which is cheaper than etanercept. However, the cost of clinic-based infusion, up to 
$1,500 per year, must be added to this. Some US analysts suggest that the use of infliximab 
will be limited by safety issues. Mehta Partners maintain that it is less well tolerated than 
etanercept, with the 3mg/kg dose every 8 weeks (the optimum dose) showing a high rate of 
infections (33% upper respiratory rate) and headaches (25%). They also believe that longer- 
term therapy with infliximab will uncover an increasing incidence of immunological 
disturbances, manifested by human antichimaeric antibodies. 

CIBC Oppenheimer analysts also believe that anti-infliximab and lupus-like antibodies may 
limit chronic use of the drug. They note that in the ATTRACT trial (Scrip 2389, 20 
November 1998 p24), patients were not tested for antibody formation. Although efficacy did 
not appear to diminish over time, the trial lasted only 1 2 months and infliximab was given 
together with methotrexate. They suggest that the drug's 10-day half-life may also be a 
problem because inhibition of TNF can interfere with the body's ability to fight infection. 
However, ABN Amro analysts suggest that infliximab may be more potent than etanercept 
and that from clinical trial data so far, infliximab seems more effective. Nevertheless, they 
have adopted conservative sales estimates for infliximab of $35 million in 1999, rising to 
$110 million in 2001. These projections are lower than those for etanercept which were $20 
million for 1998 (after only 2 months on the market), rising to $200 million for 2000. 
Hambrecht & Quist analysts say that sales of infliximab for the rheumatoid arthritis 
indication could overtake those for Crohn's disease within 2 years. For Crohn's disease they 
estimate worldwide sales to start at $28 million in 1998, rising to SI 25 million by 2000. For 
rheumatoid arthritis, they predict sales of $21 million for 1999, rising to $157 million by the 
year 2000. 

4.6.5 A final opinion 

The US Medical Letter (20 November 1998) commented on the new arthritis therapies. In its 
opinion, leflunomide improves the signs and symptoms of rheumatoid arthritis and slows 
progression of the disease, but 'offers no clear advantage over better established and less 
expensive drugs such as methotrexate'. The publication pointed out that, etanercept and 
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infliximab, appear to be effective in reducing symptoms in active disease refractory to 
methotrexate or other DMARDs, but whether or not they slow progression of the disease is 
not known. It has still to be determined whether or not these drugs increase the incidence of 
other autoimmune diseases, serious infections or malignancies. 
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CHAPTER 5 
FUTURE DRUG THERAPY 

Many patients do not respond to or cannot tolerate the established antirheumatic agents. 
Furthermore, these agents do not cure the disease and achieving a remission is the most that 
can be hoped for. Consequently, every effort is being made to develop new drugs and find 
new uses for traditional ones. The recently launched or close-to-launch atugs discussed m 
Chapter 4 are breaking new ground and are set to make a positive impact on the market (and 
indeed are already doing so) but a number of companies have other novel therapies in the 
pipeline some of which may well represent the next wave of ground breaking launches. 

Areas being targeted for new rheumatoid arthritis therapeutics are summarised m Figure 5. 1 . 

Figure 5.1: Areas oj de\ * lopment for u » rht umaloid arthritis therapies 
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Drugs in development are summarised in two tables; Table 5.1 lists the drugs currently in 
clinical development and Table 5.2 lists those in preclinical development. In the case of the 
preclinical listings, these are at a very early developmental stage, often for a wide range of 
potential indications. Only a small proportion of these are likely to be destined for the 
arthritis market. 

MK-663 is a COX 2 inhibitor, under development by Merck for the treatment of 
osteoarthritis, rheumatoid arthritis and pain. It is the follow-up to rofecoxib and may be more 
potent and more COX-2 selective. It is expected to enter Phase 111 clinical trials in mid-1999 
for the indications stated (Scrip 2434/2435. 5/7 May 1999 pi 3). 

5.1 Selective COX-2 inhibitors 

In the wake of successful recent launches, the development of specific COX-2 inhibitors is 
now a priority for arthritis drug therapy. A second-generation COX-2 inhibitor, valdexcoxib. 
is under development by Searie (Monsanto) as a follow-up to ceiecoxib. ft will be developed 
and co-promoted by Pfizer for the treatment of arthritis (Scrip 2387. 1 3 November 1 998 p I 2). 
Other COX-2 inhibitors in clinical development, listed in Table 5 1, uk u< s{ row 
(Monsanto) and JTE-522 (Japan Tobacco). There are also new ionm i j, n> « t okk i drug in 
the clinical pipeline such as Diclofenac rectal and Diclofenac foam for rectal and topical 
application respectively. 

5.2 Dual acting anti-inflammatory drugs 

ML- 3000 is an orally-active dual COX and 5-lipoxygenuse inhibitor (Dual Acting Anti- 
Inflammatory Drug or DAAID), originally synthesised by Merekie and under development as 
an anti-inflammator\ agent and analgesic b\ the 1 uroAlliance consortium 
(ASW/Lacer/Merckle). 5-lipoxygenase is the enzyme responsible for the synthesis of 
leukotrienes. ML-3000 is in Phase 0 dose-finding trials for rheumatoid arthritis and 

-V .11 til! l.s 

Phase II trials for rheumatoid arthritis and osteoarthritis are expected this year (1999) on the 
anti-inflammatory, CI- 1004. which also works by dual inhibition of 5-lipoxygenase and 
COX-2. This dual mechanism of action may provide advantages over COX-2 inhibition alone 
as a result of enhanced anti-inflammatory efficacy. It could have the gastrointe ti ial safcu oi 
the new COX-2 agents with improved efficacy over current NSAlDs (Scrip 2330. 29 April 
1 998 p8 ) , CI- 1 004 is under development by Warner-Lambert. 

5.3 Nitric oxide NSAlDs 

The nitric oxide NSAIDs are drugs which donate nitric oxide to the gastric mucosa to 
counterbalance the harmful effects of PC deficiency. They may provide an alternative to 
COX-2 inhibitors since they have shown a good gastrointestinal safety profile in animal 
studies {Scrip 2407, 29 January 1999 p24). The French company. NicOx is developing i It 4 
1026 which is in Phase II trials. 
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5.4 New DMARDs 

Angiotech is developing a micellar formulation of the anticancer drug, paclitaxel, to be used 
with or as a .substitute for methotrexate. It has begun Phase I testing for rheumatoid arthritis 
and MS. hi preclinical animal studies it has been shown to be effective as a treatment for 
inflammatory arthritis by reducing clinical signs of the disease including inflammation, 
swelling, angiogenesis, bone erosion and cartilage destruction. With dose reduction and 
reformulation, the company hopes to reduce or eliminate many of the toxicities associated 
with the drug. One significant effect of the drug is its inhibition of angiogenesis and it is a 
potent inhibitor of the formation of the new blood vessels that support joint inflammation. A 
Phase i trial enrolling 15 patients is underway (Angiotech press release, 1 1 June 1998). 

Paclitaxel (the world's top-selling anticancer drug with sales of $941 million in 1997) has 
potential activity against several chronic inflammatory diseases i Scrip 2350. 8 Juh 1998 
p27). 

CellCept (mycophenolate mofetil) is an immunomodulator from Roche, approved by the 
FDA for organ transplant reciepients. It has been studied in clinical trials, the results of which 
were presented at the ACR meeting at San Diego, US, in November 1998- Schiff and 
Leishman (1998a) reported the results of a randomised double-blind, placebo-controlled 
study in 153 patients who had completed 9 months of treatment with CellCept (Ig or 2g twice 
daily) in a preceding controlled dose-comparative trial. The researchers compared the time to 
rheumatoid arthritis tlare. This was determined by an increase in tender and swollen joint 
counts of >9 and >5 respectively and a worsening of investigator and patient global scores by 
one grade. Patients then either continued their previous CellCept dose or switched to placebo 
(low placebo matching the Ig dose of CellCept and high placebo matching the 2g dose). 
After the first 4 weeks of the study, the proportion of patients withdrawing for flare was 
lower in both CellCept-treated patient groups compared with the placebo groups. The values 
were \M< and 15<% inlhe Iga d2gCellCep tie ted gr< ips eo i I will W md 4 , in 
the low and high placebo groups. There were no deaths or serious adverse events. 

Schiff and Leishman i 1998b) also reported two long-term open label studies of 2 and 3 years 
duration designed to examine the long-term safety of the drug. The trials enrolled 325 
patients (2+4 women and 81 men), CellCept was administered at doses between 0.5g twice 
daily and 2g twice daily. 

Adverse events which led to withdrawal from treatment occurred in lb'? of patients. These 
were primarily gastrointestinal disturbances, respiratory events, haematological abnormalities 
and neoplasias. The main treatment-limiting adverse effects were non-serious gastrointestinal 
events such as diarrhoea. The researchers concluded that CellCept in a dose range of 0.5 2.0g 
twice daily was well tolerated in the long-term treatment of rheumatoid arthritis. 

5.5 MAbs 

MAbs bind to their targets with high specificity, making them eminently suitable as 
therapeutic agents. In the inflammatory environment of rheumatoid arthritis, there are a 
number of therapeutic targets which can be exploited by this approach. These include the 
MHC molecule, CD4+ lymphocytes, IL-1 and 1 M -<> Woohnu to Cbo> et al (199S) 
inhibiting targets at the apex of the pathogenic pyramid is likely to be more disease specific 
and their suppression more likely to lead to sustained clinical improvement. However, not 
enough is known about these mechanisms which makes targeting them difficult. In contrast. 
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targeting mediators at the base of the inflammatory cascade, which are more directly 
responsible for the symptoms and signs of inflammation, is more inclined to produce 
effective aim inflammatory therapies and lead to rapid disease improvement Nevertheless, 
these therapies will not be disease specific, are likely to be transient in their effects and may- 
lead to genera' immun >suppre d h 

A list of MAbs which have been used in rheumatoid arthritis is presented in Table 5.3. They 
can be divided into those that inhibit cytokines, those that bind to adhesion molecules and 
ihu.se thai target MHO molecules and f cells. 

Table 5.3: MAbs used in rheumatoid arthritis 



Main target 




Type of MA b 


Cytokines 






TN'F-a 


CA2 (infliximab)* 






CDP -57 1 /Bay 103356 


Humanised 


IU 




Murine 


Adhesion molecules 






1CAM-1 


BlRR-1 


Murine 


T-cefls 






CD7 




Murine and ehirnaerie 


CDS 


CD5-PLUS 


Murine Inimunmoxin 


IL.-2R 




Murine 


CDw52 


Campath-1 U 


Human-.scd 


CD4 depicting 


B-F5 


Murine 




16115 


Murine 




VtT-4 


Murine 




MTE5I 


Murine 




CM-T4I2 


Cbimaerie 


Non-depleting anti-Cl>4 


IDEC-CE9.1/SB-2 10396 


Humanised 




4162W94 


Humanised 



Note: "See Chapter 4. 

Initiall) MAbs were mainly murine in origin and when administered to patients, the 
recipients developed human-ami -mouse antibody responses (Kavanaugb. el al, 1994), This 
meant that repeated treatment became less effective and there was a risk of anaphylaxis. 
However, synthetic chimaeric and humanised preparations are now available. In the 
ehirnaerie preparations only the murine Fc is replaced by a human sequence where as in the 
humanised preparations both the Fc region and the framework region of the antigen-binding 
site is replaced by human sequences. These MAbs are less immunogenic and more suitable as 
therapeutic agents. More recently, phage libraries have been used to generate completely 
human MAbs (Marks & Marks. 1996). 



The anti-TNF-u MAb, infliximab, in development by Centocor has been discussed in Section 
4.2.1. Centocor is also developing two MAbs against IL-6 and 1L-8 for the treatment of 
autoimmune and inflammatory diseases, such as ulcerative colitis, asthma, psoriasis, bone re- 
absorption due to osteoporosis, and rheumatoid arthritis. Clinical trials are due to begin in 
2000 (Scrip 2387. 1 3 November 1 998 p9). 



Recently. T lymphocytes and their associated ceil surface molecules ha\c been the targets of 
many biological agents designed specifically to interfere with cell function. These include 
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MAbs directed against particular cell surface markers expressed on T-eells, for example. 
CD4, CD7, CDS. CD52 and agents directed at the IL-2 receptor (Moreland ei ah 1997b). 

5.6 Cytokines 

Anticytokine therapy for rheumatoid arthritis has now reached the clinic, heralded by the 
development unite ami-TN'F biological agents that are proving to be effective in treating the 
disease (see Section 4.2), TXF-u is of particular interest because of its ability to induce the 
proliferation of synoviocytes and to enhance their production of PCs, MMPs and other 
cytokines. Therapy directed at TNF-a includes the use of antibodies or soluble receptors that 
bind TNF-a and block its activity. However, TNF-a is only the first target to be evaluated. 
Blockade of IL-l with soluble 11,-1 receptors or the soluble IL-l receptor antagonist protein 
sBresmhun <■? us, 1998) is under investigation as is the blockade of the IL-6 receptor. Other 
cytokines, such as IL-10 and I.L-4 have natural anti -inflammatory activity and are also in 
clinical development. Although these agents are currently being evaluated individually, 
optimal treatment may require a combination of treatments which mimic the complex nature 
of the cytokine pathway. 

Cytokine targets under investigation and potential therapeutic agents arc listed in Table 5.4. 
Tuhir 5.4: A/iti-cytokiiw ihirapy under investigation for rheumatoid arthritic 



I argot cytokine Therapeutic agent 

TNF-a Ami ■TNF-a antibody 

Soluble p55 receptor 
so . p"s receptor 
rNT-eonvening-eri/.yme inhibitor 

U -1 Soluble type 1 receptor 

Solubk type II receptor 
ICE inhibitors 
II. i receptor antagonist 
Anti-IL 6 receptor antibody 

Aoti-srifkitiiraaio:> cytokines IL-10. II 4 

IL-l and TN'F-w. s ii , \\ \p M , , t > 

! ' nplion tactoi tub : i 



5.6.1 Interleukin-6 antagonists 

Members of the IL-6 subfamily have been shown to be potentially important cytokines in the 
pathogenesis of rheumatoid arthritis (Carroll el ah 1998) Favourable eik-cts on disease 
activity have been observed in rheumatoid arthritis patients treated with a monoclonal anti- 
IL-6 antibody (Wendling et ah 1993). It remains to be seen whether greater benefits can be 
obtained if other members of the subfamily or multiple members are antagonised (Carroll a 
ah 1998). 

Sant-7 is an IL-6 receptor antagonist, under development by Sigma Tau for the systemic 
treatment of multiple myeloma, topical treatment of Kaposi's sarcoma ami ex- vivo treatment 
of myeloma. It is also considered to have potential in B-cell lymphomas, rheumatoid arthritis, 
Crohn diseas systemic lupus c t v - < 22<)'> :< voembi 

p9). 



> , .".//( I'M-.i:,;-^,,:, I Hi ,'WJ 



Chaph'i :< 



5.6.2 T-614 

T-614 is an oral ami -inflammatory agent, under development by Toyama. It suppresses the 
production of IE-K IL-6, IL-8 and TNF (Eisai press release, October 1998). It is licensed to 
Eisai for co-development and co-marketing in Japan. Eisai will help complete Phase 111 trials 
before a joint-approval application is filed (Scrip 2382, 28 October 1998 plO). 

It is in Phase III clinical trials in Japan as an antirheumatic agent and is in preparation for 
Phase Ila trials in the UK (trials were due in late 1998). In clinical trials, results so far suggest 
that T-614 significantly decreases the inflammatory response as measured by ESR, the 
production of C -reactive protein and immunoglobulins. In rheumatoid arthritis it showed a 
rapid and high level of efficacy with a good safety profile {Scrip 2140, 25 June 1996 p24; 
Eisai press release, October 1998). 

This product, which Toyama says has a better efficacy and side effect profile than existing 
treatments, has a rapid onset of action and is expected to be effective in patients unresponsive 
to other therapies. 

5.6.3 InterIeukin-10 

A cytokine that has been studied in rheumatoid arthritis and is currently under investigation 
in psoriatic arthritis is IE- 3 0 {Maim et al, 1997). This cytokine is thought to inhibit the 
production of IE-) and TNF-a from macrophages, suggesting thai it has potential in the 
treatment of immune-mediated diseases dominated by Thl (IFN-y producing) T-cells 
(Katsikis et al, 1994). Interleukin-10 has been shown to have anti-inflammatory and 
immunoregulatory properties (see Keystone et al, 1998 for detailed inform oi \ key 
. 1 i , 1 * u i ' icration o " 1 i \ kinc and 

chemokines by mom >olymo I i ophils. ii ha been shown to 

inhibit. IL-I. IE- 12. IL-6, TNF, GM-CSF and G-CSF and the chemokines IL-8 and 
macrophage inhibitory protein- IB (MIP-1B) (Keystone ei al, 1998). It also blocks T-cell 
respoi s , pecifie antigens, G < id i i nth is in progress to 

determine a possible role for IL- 1 0 as a therapeutic agent for the treatment of rheumatoid 
arthritis. 

•i has cloned and expressed human II..- 10. Phase 1 and II clinical 
trials for rheumatoid arthritis are in progress (sec Keystone el at, 1998 for references) and 
Srends towards improved rheumatoid arthritis disease activity have been demonstrated. 

5.7 TCR Peptides 

TOR peptides elicit an immune response in regulatory T-cells which release cytokines that 
selectively suppress the activity of pathogenic T-lymphoeytes in certain autoimmune 
diseases. C'onnetics Corporation is using the technology to deselop products to treat chronic 
connective tissue and autoimmune diseases such as rheumatoid arthritis, psoriasis arid 1BE 
Each autoimmune disease is thought to be characterised by utilisation of a particular Vp 
region on T-iymphocytes. It the Vp regions relevant to a particular disease can be identified. 
TCR vaccines specific for different diseases could be produced. 

Results of a Phase II trial with Immune Response Corporation's therapeutic vaccine for 
rheumatoid arthritis. IR50E have been published by Moreland et <// (1998). The study was 
undertaken to determine the safety and efficacy ol the product, a therapeutic vaccine which is 
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composed of a combination of three TCR-derived peptides (Vfj 3, vp 14 and Vp 17) in 
Incomplete Freund's Adjuvant (IFA), in patients with rheumatoid arthritis. 

It was a double-blind, placebo-controlled, multicentre trial in a total of 99 patients with active 
rheumatoid arthritis. The vaccine (or placebo) was administered as a single intramuscular 
injection at weeks 0, 4. 8 and 20. IR501 was safe and well tolerated, i fhuk\ was measured 
according to the ACR 2tri improvement criteria and showed a significant improvement in 
patients treated with IR501 . Additional clinical trials are planned. 

5.8 ICE inhibitors 

The ICE and us homologues arc potential therapeutic intervention targets lor the treatment of 
inflammatory disease- (Dimirello & Wolff, 1993; Livingston. 1996). ICE is a cysteine 
protease responsible for the proteolytic activation of IL-ip precursor to the biologically 
active form, IL-1J3. IL-lp is a principal mediator of inflammation in rheumatoid arthritis 
(Lebsack el al, 1993) and is the major osteoclast activating factor in osteoarthritis (van de 
Loo end, 1995). 

Inhibition of ICE is being explored to design both reversible inhibitors and irreversible 
mactivalors of the enzyme. Such compounds are able to block the release of IL-ip from 
monocytes. 

The US company. Vertex, has begun the first clinical trial with an oral small molecule 
inhibitor of ICE (caspase 1). The compound, HMR 3480/VX-740, is being developed with 
i loechst Marion Roussei as a treatment for rheumatoid arthritis. ICE regulates the production 
of EL- 1 and IFN-y {Scrip 241 1. 12 February 1999 pl3). 

BASF Pharnia has established a partnership with Warner-Lambert on ICE inhibitors for 
rheumatoid arthritis and stroke. 

5.9 IMPOH inhibitors 

IMPDH is an enzyme that enables lymphocyte proliferation and recruitment, by catalysing a 
key step in one of two DNA nucleotide biosynthesis pathways. Inhibition ui IMPDH appeals 
to selectively suppress immune system cells while leaving other cells unaffected. This may- 
play an important role in down-regulating inappropriate immune responses as seen in 
rheumatoid arthritis and other inflammatory diseases. 

VX-497 is an IMPDH inhibitor, under development by Vertex for the treatment of hepatitis 
C. asthma, psoriasis, rheumatoid arthritis, systemic lupus erythematosus and organ transplant 
rejection (Scrip 2374, 30 September 1998 p24>. The 3D atomic structure of IMPDH has been 
solved and the company has developed novel, orally -bioavailablc inhibitors of the enzyme. 

It is in Phase II trials for hepatitis C and psoriasis. Phase I trials in autoimmune diseases in 
the UK have been completed and preparations for Phase II are underway (Scrip 2331 ] May 
1998 p 15). 

Only one specific inhibitor of IMPDH is currently on the market in the US. This is Roche's 
mycophenolate moleti! (CellCcpt) which is approved for acute kidney transplant and heart 
transplant rejection. It is m Phase III trials for rheumatoid arthritis (see Section 5.4), 
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5.10 Therapeutic vaccines 

M&E Biotech, is developing therapeutic vaccines for chronic diseases with an unmet medical 
need using its novel platform technology, AutoVac (Scrip 2386. 1 1 November 1998 p27). 

Many diseases are associated with the over-expression of normal proteins, such as TNF-a in 
inflammatory diseases. The AutoVac technology involves inserting an antigenic fragment 
into these pathogenic proteins. This leads to the immune system recognising the pathogenic 
self-proteins as foreign and producing antibodies against them. Rapid and strong cross- 
reactive immune responses have been demonstrated. The company is developing an anti- 
TNF-a vaccine against rheumatoid arthritis, Crohn's disease and cancer cachexia. The 
product, which is exclusively licensed to Ferring for all human diseases, is expected to enter 
clinical trials for these indications in the first half of 1999. 

5. 1 1 Adhesion molecule inhibitors 

The ability of ceils to adhere to each other and to other components of the extracellular 
matrix, is fundamental to all multicellular organisms. Cell recognition and adhesion are 
essential for normal development and for maintenance of tissue integrity, tissue repair and 
immune functions such as antigen recognition, cell mediated cytotoxics!;, and lymphocyte 
recirculation. These events are mediated by adhesion molecules. In recent years the role of 
adhesion molecules in rheumatic disease has become the focus of attention and studies on 
these molecules have prompted the search for anti-inflammatory agents that interfere with 
adhesion-mediated events in the inflammatory process. 

A significant aspect of inflammatory disease is the recruitment of leukocytes from the 
circulation and their interaction with other cell types (macrophages, dendritic cells, 
fibroblasts! within the inflamed tissue. The adhesion molecules involved m this process are 
selectins, integrins, the immunoglobulin supergene family (includes 1CAM) and the CD44 
family. 

Adhesion molecules are an attractive target for inhibiting leukocyte trafficking and T-cell 
activation. However, a potential problem for their use as anti inflammatory targets is their 
ubiquitous nature. This makes it difficult to develop drugs without unwanted side effects. 
Nevertheless, some companies are responding to the challenge. Under development are 
i nhi bitors to the selectins, ELAM- 1 , VC AM - 1 and ICAM - 1 . 

Further reading regarding adhesion molecules and rheumatic diseases can be found at the 
Arthritis Research Campaign website (www.arc.org.uk/irs34.htmt and in a review by 
Cronstein and Weissmann { 1993). 

5.12 Gene therapy 

The rheumatoid joint has a gre.it advantage with respect to the practicality of gene therapy. It 
is an enclosed space into which genes can be targeted by direct injection. The goal would be 
to introduce genes that promote the production of beneficial anti-inflammatory molecules 
such as 1L-4, 1 L- 1 0. IL- 1 r or compounds which block TNF. 

The underlying concept of gene therapy is that normal genes can be transferred into the cells 
of an affected host in such a way that they express their functional gene product, correct the 
molecular deficiency and either cure or improve the condition of the disease. Rheumatoid 
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arthritis is not due to a single gene mutation but, nevertheless, research has identified 
pathways in the pathogenesis of the disease which would be suitable for correction through 
gene transfer. 

The first, clinical trial for rheumatoid arthritis, which investigated the feasibility, safety and 
efficacy of transferring a potentially anti-arthritic cytokine gene into human joints affected by 
rheumatoid arthritis was reported by Evans et a\ (1996). Currently two additional clinical 
trials are in progress (comment in Jorgcnsen & Gay. 1998). 

Researchers at the University of Pittsburg have tested a gene therapy for arthritis and 
obtained promising results in animal models of the disease (Ghivizzani et al, 1998). Gene 
therapy, injected into one diseased joint, unexpectedly produced systemic effects and led to 
improvement in other diseased joints of treated animals. The best therapeutic effects were 
obtained with a combination of genes for the II.,- 1 and TNF-a receptors, delivered in an 
adenovirus vector. Knee joints injected with this combination, showed an 85-90% reduction 
in white blood cell levels, and a similar protection of cartilage. 

The same group is also studying the safely of gene therapy for arthritis in a clinical protocol, 
involving rune postmenopausal women, which began in July 1996. Here, a gene coding for 
IL-lra is administered in a retrovirus vector to fibroblasts that have been extracted from 
patients' joints. These gene-carrying fibroblasts are then returned to the patient's arthritic 
knuckle joint for a week, after which the treated knuckle is removed and replaced with an 
artificial joint. The removed tissue is examined for evidence of gene therapy activity. To date, 
all the patients tested have shown evidence of acne expression and have had no adverse 
effects (Scrip 2335. 15 May 1998 P 27). 

Osiris Therapeutics has launched StemScreen, a functional genomics programme for diseases 
affecting the body's structural and connective tissues. According to the Baltimore based 
company, it is the first gene and drug discovery technology based on normal human 
mesenchymal stem cells, the progenitor cells responsible for the formation ol these tissues 
The company predicts that the system, which has assays to identify molecules that regulate 
mesengenesis (tissue formation) and determine their function in normal tissue, will assist m 
the discovery of new drugs for obesity, arthritis, immune disorders, infertility and 
osteoporosis (Scrip 2335, 15 May 1998 pi 8). 

Chiroscience has identified a novel gene which acts as an 'on/off switch for the immune 
system (Scrip 2375, 2 October 1998 p5). The company believes the immune system gene, 
and its associated gene product, control a hitherto unknown signalling pathway which will 
provide a host of potential drug discovery targets for autoimmune and inflammatory diseases, 
as well as a new approach to treating cancer and acquired immunodeficiency syndrome 
(AIDS), h has cloned and filed patents on the gene and is now studying the action of its 
product, which it says, regulates the activity of CD4 T-eells. 

The gene is the human homologue of the mouse gene which, when defective, causes the 
"Scurfy" mutation. The Scurf' mouse, which was first described in 1949, cannot down- 
regulate its immune system and suffers a massive autoimmune reaction which leads to death 
after about. 3 weeks. According to Chiroscience, the product of the normal gene is essential 
for the control of the normal immune response, while a non-functioning gene leads to art 
enhanced immune response. The company considers that the finding validates the use of 
mouse genetics, which allows the study of disease states which do not occur or have not been 
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observed in humans and is now looking for evidence that the massive autoimmune reaction 
seen in Scurfy mice occurs in humans. 

Chiroscience believes the gene discovery offers two therapeutic opportunities: 

« Immune stimulation, by inhibition of the gene product. This could be of use in cancer and 
human immunodeficiency virus {'HIV) 

• Immune regulation by intervention in the signalling pathway to switch off an abnormal 
immune response. This could be tapped for use in diseases such as rheumatoid arthritis, 
diabetes, psoriasis. Crohn's disease, ulcerative colitis and allergy 

Hyseq has identified a new IL-1 gene. fL-lHy273, and its associated protein, which may 
have, therapeutic uses in the treatment of inflammatory diseases. Two previously identified 
IL-ls, IL-lcx and IL-lp, stimulate the inflammatory process, while a third, IT- Ira, inhibits 
inflammation. The nev gene, is being initially investigated foi rheumatoid ; , 
(Scrip 2364. 26 August 1998 pl7). 

Zeneca is conducting an analysis of the DNA from people with rheumatoid arthritis to find 
genes which increase their susceptibility to the disease. 

5.13 Thalidomide 

Celgene has launched the controversial drug thalidomide (Thalomid) in the US for treatment 
of moderate to severe erythema nodosum leprosum. a severe and debilitating condition 
associated with leprosy. Distribution of thalidomide has been severely restricted because of 
concerns about its well-known potential for causing birth defects (Scrip 2354. 22 July 1998 
pl.9). However, it is also being investigated in a number of other mdk.uu.-> mJ'.udr... 
rheumatoid arthritis. 

While the precise mechanism of action of the drug is unknown, available data from in vitro 
studies suggest that the immunologic effects may be related to suppression of excessive 
production of TNF-ct. In addition, the compound may decrease the molecular adhesion to 
immune cells. 

5.14 Mononuclear cell therapy 

Viragen has acquired rights to Inflanvmatics" lead product, LeukoVAX, an 
irnmunomodulating mononuclear cell preparation, which is in Phase Ull trials for the 
treatment of rheumatoid arthritis. According to Viragen. an open-label pilot study of 
LeukoVAX for rheumatoid arthritis showed that a majority of patients experienced an 
improvement in efficacy markers. The current Phase 1/11 trials of LeukoVAX, which is 
administered once every 5 weeks, are expected to be completed in 1999. Inflammatics hopes 
that LeukoVAX will demonstrate a disease-modifying effect and believes it also has potential 
in other cell-mediated autoimmune diseases (Scrip 2371, IB September 1998 pi 4). 

5.15 Cathepsins 

AxyS has discovered the 3D structure of cathepsin S, a protease associated with normal 
degradation of cellular protein and linked with several inflammatory diseases, including 
arthritis, asthma and other autoimmune diseases (McGrath et at. 1998) Detailed knowledge 
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of the protease 's 3D structure should allow the design of potent and selective inhibitors of the 
enzyme. AxyS has already identified a number of sub-nanomolar, reversible selective 
inhibitors of the molecule as part of an ongoing programme covering several members of the 
papain group of cysteine proteases (Scrip 2356, 29 July 1998 pi 3). 

5.16 Prednisolone 

A meta-analysis of 10 studies on the use of prednisolone in rheumatoid arthritis found that 
the corticosteroid was superior to placebo and NSAEDs in terms of effects on joint tenderness 
and pain. The study, reported by Gotzsehe and Johansen (1998), also found that the risk of 
adverse effects with the corticosteroid was acceptable. However, an editorial in the same 
issue (Denmson & Cooper, 1998). disagreed with the authors" conclusion that intermittent 
courses of prednisolone at doses of up to 15mg daily should be more widely used. It points 
out that stepping down steroid treatment is difficult, and so patients arc often exposed to she 
risk of long-term adverse effects (Scrip 2320, 25 March 1998 p27). 

A product consisting of prednisolone linked at C-21 with farnestl acid is in development. It 
penetrates the epidermis to reach the inflamed area and has few systemic side effects at 
therapeutic doses. 

5.17 Gene regulators 

Ares-Serono and Signal Pharmaceuticals have entered into a multi-year collaboration to 
identify small-molecule modulators of the NFkB gene regulation paihuav XftcB is a kev 
regulator of a broad set of inflammatory genes implicated in diseases such as rheumatoid 
arthritis, MS, asthma and psoriasis. The research will initially focus on two proteins that 
regulate the activation of NFkB, namely IKK-1 and IKK-2, as well as a third regulatory- 
protein recently identified by Signal and its academic collaborators {.SVn>> 220], <) December 
1997 p7). 

Another category of gene-regulating drugs which might be used as immunosuppressive 
agents includes the lymphocyte-specific nucleoside analogues, a class of drugs which has 
been shown to have activity against DNA synthesis and repair by interfering with DNA 
polymerases and ribonucleotide reductase. One such agent is the adenosine analogue, 
fludarbme, which is being studied in patients with rheumatoid arthritis (Davis et al, 1998). 
Lymphocytes have a high ratio of deoxycytidine kinase to 5 '-nucleotidase which favours the 
formation of toxic phosphate derivatives of these compounds and explains their selectivity 
towards lymphocytes. They target both resting and proliferating lymphocytes. In resting 
lymphocytes they activate the endogenous nucleases and promote apoptosis and in 
proliferating lymphocytes they inhibit DNA synthesis (Davis et at, 1998). 

5.18 MAP kinase inhibitors 

The MAP kinases are a family of structurally-related enzymes involved in intracellular 
signalling pathways that enable ceils to respond to their environment. Blocking MAP kinases 
is a potential way of inhibiting cytokine translation. 

Vertex's MAP kinase research programme focuses on the p38 MAP kinase, an enzyme 
involved in the onset and progression of inflammation and programmed cell death. When 
activated, p38 MAP kinase triggers the production of the cytokines IL.-I and TNF-o. Vertex 
and Kissei are collaborating on the design, development and commercialisation of inhibitors 
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of p38 MAP kinase in order to develop novel orally-active drugs to treat inflammatory and 
neurological diseases. 

5.19 Matrix MMPs 

Matrix MMPs are a structurally-related family of endoproieinases of which at least 15 have 
been identified in humans. The prefix metallo- refers to the fact that they all contain a zinc 
atom at their active site. At physiological pH these enzymes can degrade most of the 
components of the extracellular matrix and under normal conditions, they play a role in 
wound healing and other processes involving tissue remodelling. 

The activity of MMPs is lightly regulated by gene expression and by the fact that, they are 
secreted in a pro-enzyme form which requires removal of an ammo terminal domain for the 
expression of enzyme activity. Once activated, they are usually regulated by either non- 
specific protease inhibitors or by tissue-specific inhibitors of MMPs fTIMPs). Thus, under 
normal physiological conditions the activity of MMPs is tightly controlled. Uncontrolled 
over-production of MMPs is involved in the palholosn of manv discuses including arthritis 
and IBD. 

A number of companies are developing matrix MMP inhibitors for the treatment of arthritis 
(see Tables 5.1 and 5.2). 

5.20 Glucose-6 phosphate dehydrogenase inhibitors 

CBF-BS2 is being developed by Kb Bsomedix for the treatment of rheumatoid arthritis. It 
vers in non creases in phosphate del < the 

synovial lining cells of rheumatoid arthritis sufferers. A Phase II trial of an oral formulation 
has been carried out in 19 patients with rheumatoid arthritis with a total of 292 affected 
joints. Patients were assessed after 4 weeks for the reduction in the number of swollen joints. 
The study showed that the total number of swollen joints in the treatment group decreased 
from 235 to 147 (a 37% improvement). This compares to 2% in the placebo group. These 
preliminary results set the scene for a 120-patient randomised double-blind Phase II trial 
using a new formulation with improved stability. The company believe that a controlled- 
release tormulation will probably need to be developed. 

5.21 Phosphodiesterase IV inhibitors 

Enhancement of intracellular cyclic adenosine monophosphate (c.AMP) levels has anti- 
inflammatory effects which are known to he mediated by the modulation of signal 
transduction pathways in which cyclic AMP is a second messenger. A key enzyme in the 
regulation of cAMP levels is phosphodiesterase (PDE). which inactivates cAMP by 
catalysing the hydrolysis of the 3'-phosphodiester bond, to form 5' -AMP. Non-selective PDE 
inhibitors have an unfavourable side effect profile which would be unacceptable. Interest in 
cyclic nucleotide PDbs was renewed by the recognition of multiple, distinct PDK isozymes, 
i I fere ce ii eel ular d bt ben n im m ' t ij pilots with 

selectivity for specific isozymes. These observations suggest that there are opportunities for 
the development of compounds targeted to a particular isoform, predominating in a selected 
target tissue, I lowever. one disadvantage is that there are marked species differences between 
PDL isoenzymes which makes the therapeutic action of compounds difficult to predict from 
animal models. 
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Eight families ofPDE isozymes exist, each containing multiple isoforms. PDE IV, which has 
four subtypes, A. B, C and D is the predominant cAMP-specific PDE in inflammatory cells 
and the main target of anti-inflammatory research. Several compounds are in development 
with potential as ant i -arthritis therapies (see Tables 5.1 and 5.2). 

5.22 Capsaicin cream 

Zacin. an 0.025^ capsaicin cream for pain relief in osteoarthritis, has been launched by 
Bioglan in the UK. Further launches in Europe are planned (Scrip 2335, 15 May 1998 p25). 

The ACR recommends topical capsaicin as a first-line therapy for patients with symptomatic 
osteoarthritis of the knee. The cream is recommended after non-pharmaeologic modalities 
(weight loss, exercise) and paracetamol but before the use o! alternate e analgesics such as 
low-dose ibuprot'en and other NSAIDs. 

Capsaicin, originally obtained from chilli peppers, relieves pain by depleting substance P, the 
primary neurotransmitter involved in the transmission of pain, hi osteoarthritis, the cream is 
applied to the affected joint several limes a day, and acts to deplete substance P from the 
afferent sensory neurones that carry the pain message to the brain. As this depletion is a 
gradual process, the pain relief obtained is progressive, with maximum benefit obtained after 
a few weeks of treatment. 

In one clinical trial, continued for 12 weeks, all of 70 patients with osteoarthntis reported that 
their pain had decreased by about one-third. In a separate arm of this study, there was also 
some evidence for a beneficial effect in rheumatoid arthritis. Bioglan may apply for this 
i idi< n i in ih ul n 

Capsaicin cream does not appear to be systemically absorbed, and the only side effect is a 
stinging or burning sensation a! the site of application but this decreases over time. Zacin has 
an UK National Health Service cost of £15.04 ($24.7) for a 48g tube (sufficient for a month's 
treatment of one joint). 
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